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[bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665]Introduction
In RAN#116, the following issues of HD-FDD RedCap UEs for FR1-NTN were identified for further study [1]. In this contribution, we provide our views on these issues. 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
· 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.

Discussion
The existing handling rules for the case 1-7 are captured in clause 17.2 of TS38.213 [2] for a FDD-HD RedCap UE in TN.:
· Case 1: Dynamically scheduled DL reception collides with semi-statically configured UL transmission
· Examples: Transmission of SRS, PUCCH, or PUSCH configured by higher layers colliding with reception of CSI-RS or PDSCH indicated by a DCI format.
· Collision handling Rules: (same as R15/16 TDD) 
· No cancellation of PUCCH or PUSCH if the first symbol in the set occurs within  relative to a last symbol of a PDCCH reception carrying the DCI format. Otherwise, cancel PUCCH or PUSCH.
· No cancellation of SRS that occurs in symbols within  relative to a last symbol of a PDCCH reception carrying the DCI format. Cancel the remaining symbols of SRS.
· Case 2: Semi-statically configured DL reception collides with dynamically scheduled UL transmission 
· Examples: Reception of PDCCH, SPS PDSCH, CSI-RS, or DL PRS configured by higher layers colliding with transmission of PUSCH, PUCCH, PRACH, or SRS indicated by a DCI format.
· Collision handling rule: Reception of PDCCH, SPS PDSCH, CSI-RS, or DL PRS configured by higher layers is cancelled. (same as R15/16 TDD)
· Case 3: Semi-statically configured DL reception collides with semi-statically configured UL transmission
· Examples: DL reception configured by dedicated higher layers parameters or configured Type0/0A/0B/1/2-PDCCH CSS collides with UL transmission configured by dedicated higher layer parameters.
· Collision handling rule: UE monitors paging during paging occasion (type 2 CSS) and cancels CG-PUSCH transmission in RRC_INACTIVE state when a paging occasion overlaps with a CG-SDT transmission. Otherwise, it is considered as an error case, same as in R15/16 TDD.
· Case 4: Dynamically scheduled DL reception collides with dynamic scheduled UL transmission 
· Examples: UE detects a DCI format scheduling a reception in a set of symbols and a DCI format scheduling a transmission in any symbol from the set of symbols
· Collision handling rule: It is considered as an error case, same as in R15/16 TDD.
· Case 5: Configured SSB collides with dynamically scheduled or configured UL transmission 
· Examples: Transmission of PRACH triggered by a PDCCH order, or PUSCH, or PUCCH, or SRS collides with symbols of SS/PBCH blocks within the active DL BWP as indicated by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon or by NonCellDefiningSSB
· Collision handling rule: UE does not transmit PRACH, PUSCH, PUCCH if any symbol overlaps with the SSB symbols. UE does not transmit SRS on the symbols overlapping with SSB symbols (same as R15/16 TDD).
· Case 6: Dynamic or semi-static DL collides with valid RO
· Examples: Transmission of a PRACH or MsgA PUSCH triggered by higher layers in a set of symbols collides with reception of a PDCCH, or a PDSCH, or a CSI-RS, or a DL PRS, or symbols of SS/PBCH blocks within the active DL BWP as indicated by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon or by NonCellDefiningSSB
· Collision handling rule: Up to UE implementation (different from R15/16 TDD)
· Case 7: Collision due to direction switching
· [bookmark: _Hlk156482783][bookmark: _Hlk156485584]Example 1: 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 as indicated by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon or by NonCellDefiningSSB
· Collision handling rule for example 1:
· UE cancels PUSCH or PUCCH if a last symbol would not be at least  prior to a first symbol of the next earliest SS/PBCH block.
· UE cancels PUSCH or PUCCH if a first symbol would not be at least  after a last symbol of the previous SS/PBCH block.
· UE does not transmit SRS in symbols that would not be at least  prior to a first symbol of the next earliest SS/PBCH block.
· UE does not transmit SRS in symbols that would not be at least  after a last symbol of the previous latest SS/PBCH block.
· Example 2: The transmission of PRACH or MsgA PUSCH starting or ending at a symbol that is earlier or later than  or , respectively, from the last or first symbol of the reception of a PDCCH, or a PDSCH, or a CSI-RS, or a DL PRS configured by higher layers or SS/PBCH blocks indicated by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon or by NonCellDefiningSSB
· Collision handling rule for example 2: Up to UE implementation
1.1 TA mismatch in NTN scenario  
In TN, the following conclusion was made in RAN1#104bis on the operation of HD-FDD RedCap UE:
	Conclusion: Enhancement for potential UL and DL collision handling due to TA misalignment is not considered for Type-A HD-FDD operation of RedCap UEs


Most companies thought the current specification is defined from UE perspective and potential TA mismatch can be resolved by conservative gNB scheduling [5]. Since TA is typically small in TN, the slot index and symbol index in DL and UL are usually aligned at both gNB and UE sides. Moreover, gNB and UE have common understanding on the DL and UL overlapping symbols and back-to-back non-overlapping symbols without sufficient gap, because UE adjusts TA according to gNB’s indication. 
However, there might be a significant mismatch between gNB and UE on the determination of DL and UL overlapping and back-to-back non-overlapping symbols without sufficient gap cases in the NTN scenario where UE compensates TA by itself according to the UE position and serving satellite ephemeris, i.e.  as defined in clause 4.3.1 of TS38.211. Although UE can be optionally (based on the UE capability of uplink-TA-Reporting-r17) configured to report  to gNB, including the component of , misalignment between gNB and UE is caused by the report granularity of the Timing Advance Report MAC CE and the infrequent reporting instances. The mismatch between the TA last known to gNB and the actual TA used by UE can be as large as 16ms when UE is configured with conditional TA reporting by offsetThresholdTA of 15ms plus the 1ms report granularity of the Timing Advance Report MAC CE as defined in clause 6.1.3.56 of TS38.321. Even in the ideal case in which an exact value of the TA latest available prior to the MAC PDU assembly is conditionally reported, residual TA mismatch between UE and gNB may still occur for a period of time due to the latency in securing and sending the UL-SCH carrying the MAC CE. For instance, after the reporting condition has already been met, the UE would need to wait for the earliest UL-SCH resources available for accommodating the MAC CE, otherwise the UE would need to send an SR over the long RTT of the NTN cell to request such resources. Hence, the TA mismatch exists until the updated TA report is received and applied at gNB.
Observation 1: The TA mismatch between UE and gNB can be as large as +/- 16ms based on the current TA reporting mechanism. Even by decreasing the granularity and increasing the frequency of TA report, it may still occur due to latency in securing and sending the earliest available UL-SCH resources that can accommodate the MAC CE, e.g. UE may need to send an SR over the long RTT of the NTN cell to request such resources.
From gNB’s perspective, if a collision happens at T0 assuming the latest report TA from UE, the actual collision happens to UE can be any time from T0-TAmax,mc to T0+TAmax,mc where TAmax,mc is the maximum TA mismatch between gNB and UE according to the TA report configuration. For a UE incapable of TA reporting, the maximum TA mismatch TAmax,mc can be as large as the difference of maximum and minimum TA in the cell. We call the time period from T0-TAmax,mc to T0+TAmax,mc a “Collision Ambiguity Period” in the following discussion. gNB is unable to predict UE behaviour during the collision ambiguity period. The shorter the collision period is, the more flexible gNB can make DL/UL scheduling. Thus, reducing the TA mismatch without significantly increasing the reporting overhead can be considered in Rel-19. 
Proposal 1: How to reduce the TA mismatch between FDD-HD RedCap UE and gNB can be considered in Rel-19 NTN.  
1.2 Error cases in Case 3 and Case 4
Considering the TA mismatch in NTN scenario, gNB can avoid the error cases in Case 3 and Case 4 by not configuring/scheduling DL reception and UL transmission on the time resource in the collision ambiguity period corresponding to the existing configured/scheduled UL transmission and DL reception for the same UE, where there might be potential collision. As illustrated in Figure 1, UL8 collides with DL4 from gNB perspective according to the latest TA report, while UL8 actually collides with DL2 at UE side due to the TA mismatch. If adopting a similar solution to that of TN, a large amount of resources will be reserved from gNB perspective if gNB proactively avoids a potential collision according to the maximum TA misalignment determined from the TA report configuration following the current specifications. As illustrated in Figure 1, assuming the potential TA mismatch between gNB and UE is from -2ms to +2ms, gNB should refrain from scheduling downlink reception to the UE in the collision ambiguity period corresponding to DL4. i.e. from DL2 to DL6 (blocks with red dots inside) if a UL transmission in UL8 is scheduled.  
Observation 2: Based on existing TA reporting mechanism, avoiding error cases in Case 3 and Case 4 by conservative scheduling at gNB may result in significant per UE throughput degradation for FDD-HD Redcap UE due to the large TA mismatch.

   [image: C:\Users\z00655152\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\530CD493.tmp]
Figure 1. Resource waste in case 3 and 4 due to TA mismatch between UE and gNB 
Instead of avoiding error cases by conservative scheduling, an FDD-HD UE experiencing collision in Case 3 or Case 4 can determine the transmission of UL and reception of DL based on priority configured/indicated by gNB. Given that the use cases of (e)RedCap could range from sensor networks to surveillance cameras, UL transmission may often be of higher priority than DL reception in some use cases. Therefore, it is beneficial to give the network the flexibility to indicate to the FDD-HD UE whether or not UL transmission is prioritized when collision is determined in either Case 3 or Case 4 or both.   
Proposal 2: Network should have the flexibility to indicate to the FDD-HD UE whether or not UL transmission is prioritized to DL reception on symbols where collision is determined by the UE in either case 3 or case 4 or both.  
1.3 Handling rules for cases other than case 3 and 4
Generally, the priority rules to cancel UL transmission or DL reception at UE side when there are DL and UL overlapping symbols (at least for Case 1/2/5/6) and back-to-back non-overlapping symbols without sufficient gap (for Case 7), can be applied in NTN directly from UE perspective by taking the effect of timing advance into account when determining the DL reception symbols and UL transmission symbols, e.g. semi-statically configured DL reception/UL transmission have lower priority than dynamically scheduled UL transmission/DL reception except for SSB reception. 
Proposal 3: At least the priority rules to cancel UL transmission or DL reception at UE side in the cases of DL/UL overlapping (Case 1/2/5/6) and back-to-back non-overlapping symbols without sufficient gap (case 7), as defined in clause 17.2 of TS38.213, can be reused by (e)RedCap UE in NTN from UE perspective by taking the effect of timing advance into account when determining the DL reception symbols and UL transmission symbols.
In the cases where configured/indicated UL transmission from a UE is cancelled due to collision with DL (e.g. case 1/5/7), it is possible for gNB to schedule the overlapped resource to other UE in TN where UE and gNB have common TA assumption. However, in NTN, the UE may still transmit on indicated/configured UL resource and interfere with the UL transmissions scheduled to the other UE, because the potential collision at UE may not happen due to the TA mismatch. The uplink throughput might be impacted either due to UL interference from the configured UL or by conservative scheduling at gNB, as illustrated in Figure 2.
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Figure 2, UL cancellation when there is TA mismatch between UE and gNB

Observation 3: When there is TA mismatch between gNB and UE, the uplink throughput might be impacted either due to UL interference from the configured UL or by conservative scheduling at gNB.  

In addition to check the DL and UL collision based on the actually used TA, the UE can further check the UL and DL collision based on the latest reported TA, assuming gNB makes the scheduling based on this reported TA. If UE cancels the UL transmission on the virtually colliding symbol/slot from gNB’s perspective, gNB can safely re-schedule the UL resource to another UE. 
Proposal 4: When determining whether to cancel a UL transmission, UE can further check the DL/UL collision according to the UL timeline with the latest reported TA in addition to the UL timeline with the actually used TA. The UL cancellation rules should be applied if conditions for a cancellation are satisfied based on either the TA actually used or the TA latest reported. 
In RAN1#116, the issue of SIB19 collision with UL transmission is listed for FFS [4]. The proponent thought SIB19 should be given higher priority over UL as it is important in the NTN scenario. By observing the existing handling rules, UE might cancel SIB19 (configured DL) reception only when a dynamic UL is scheduled at the same time (according to Case 2). gNB can avoid scheduling dynamic uplink transmission in the UL impacting period in which the UL transmission might overlap with the reception occasion of SIB19. 
Observation 4: gNB can avoid scheduling dynamic UL in UL impacting period in which UL transmission might overlap with the reception occasion of SIB19. No need to define special handling rule for SIB19
1.4 Slot counting and invalid symbols for UL repetition transmission colliding with SSB reception
In clause 6.1.2.1 of TS38.214, , a FDD-HD RedCap UE will not count the slot in the number of  slots for a PUSCH transmission of repetition type A scheduled by DCI format 0_1 or 0_2 when AvailableSlotCounting is enabled, or for a PUSCH transmission of TB processing over multiple slots (TBoMS) scheduled by DCI format 0_1 or 0_2, if at least one of the symbols determined by resource allocation table does not start at least  after the last SSB symbol or end at least  before the first SSB symbol, which will be called “Collision” in short in this section. For UL cancellation in a slot according to other rules defined in clause 17.2 of TS38.213, the slot is counted. Based on the above analysis of TA mismatch between gNB and UE, the counted slots for PUSCH repetition type A or TBoMS might be different between gNB and UE. Consequently, RV determination across the repeated PUSCHs are not aligned between gNB and UE, which results in PUSCH decoding failure.
In order to align the slot counting between gNB and UE, UE could check the “Collision” according to the both DL/UL timing assuming the latest reported TA and DL/UL timing with the actually used TA. If the “Collision” happens in a slot based on the reported TA, UE will not count this slot for PUSCH transmission with repetition type A or TBoMs, and will not transmit in this slot. However, if the “Collision” happens in a slot based on the actually used TA but no “Collision” based on the latest report TA, the slot should be counted but UE should omit the transmission in the slot, similar as the slot counting mechanism for UL cancellation due to collision defined in clause 17.2 of TS38.213. 
Similarly, for PUSCH repetition Type B transmission, symbols that do not start or end at least  or , respectively, from the last or first symbol of an SS/PBCH block are determined as invalid symbol(s). And thus, there will be mismatch for the determination of actual repetition based on the reported TA and the actual one applied by the UE. Similarly, the invalid symbol determination for PUSCH repetition Type B transmission should also base on the reported TA to align the understanding of resources for PUSCH transmission between gNB and UE.
Proposal 5: For an FDD-HD RedCap UE scheduled with a PUSCH transmission with repetition type A and AvailableSlotCounting is enabled, or with a PUSCH transmission with TBoMS, the UE cancels the UL transmission(s) in the slot(s) where there is “Collision” with SSB according to the DL/UL timing assuming the latest reported TA and DL/UL timing with actually used TA. Slot counting between UE and gNB are only based on DL/UL timing assuming the latest reported TA. Invalid symbols determination for PUSCH repetition type B can use the same method.
  
1.5 Nominal and Actual TDW determination for UL DMRS bundling due to collision between DL reception and UL transmission 
In clause 6.1.7 of TS38.214, the determination of nominal TDW are defined as following
	*** irrelevant text omitted ***
-	For PUSCH transmission of a PUSCH repetition Type A scheduled by DCI format 0_1, 0_2 or 0_3 and PUSCH repetition Type A with a configured grant, when AvailableSlotCounting is enabled, and for TB processing over multiple slots:
-	The start of the first nominal TDW is the first slot determined for the first PUSCH transmission.
-	The end of the last nominal TDW is the last slot determined for the last PUSCH transmission.
-	The start of any other nominal TDWs is the first slot determined for PUSCH transmission after the last slot determined for PUSCH transmission of a previous nominal TDW.
-	For PUSCH transmissions of a PUSCH repetition type A scheduled by DCI format 0_1, 0_2 or 0_3 and PUSCH repetition Type A with a configured grant, when the UE is not configured with AvailableSlotCounting or when AvailableSlotCounting is disabled, and for PUSCH repetition type B:
-	The start of the first nominal TDW is the first slot for the first PUSCH transmission.
-	The end of the last nominal TDW is the last slot for the last PUSCH transmission.
-	The start of any other nominal TDWs is the first slot after the last slot of a previous nominal TDW.
-	For PUCCH transmissions of a PUCCH repetition:
-	The start of the first nominal TDW is the first slot determined for the first PUCCH transmission.
-	The end of the last nominal TDW is the last slot determined for the last PUCCH transmission.
-	The start of any other nominal TDWs is the first slot determined for PUCCH transmission after the last slot determined for PUCCH transmission of a previous nominal TDW.
*** irrelevant text omitted ***



As highlighted in yellow, for PUSCH transmissions of a PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2 and PUSCH repetition Type A with a configured grant and AvailableSlotCounting is enabled, and for TB processing over multiple slots, and for PUCCH transmissions of a PUCCH repetition, the start and end of each nominal TDW is based on the PUSCH/PUCCH transmission which is not cancelled. Due to the TA mismatch between gNB and UE, the cancelled PUSCH/PUCCH transmission by UE may be different from gNB’s assumption. Thus, the mismatch of nominal TDW determination for UL DMRS bundling between gNB and UE should be considered together with the issue of actual TDW determination identified in RAN1#116 meeting.
Proposal 6: The issue of nominal TDW determination due to TA mismatch should be considered for PUSCH repetition type A when AvailableSlotCounting is enabled, TBoMS and PUCCH repetition.  
The cancellation of a UL repetition may break the phase continuity and power consistency of the consecutive UL transmissions. As gNB may not know the exact UL repetition(s) which might be cancelled due to TA mismatch, it would be straightforward to exclude all UL repetition(s) which might potentially be dropped due to collision with UL from actual TDW. These UL repetition(s) can be derived from the collision ambiguous period(s) of DL/UL collision(s) based on the latest reported TA. For example, UL slots 0~N are determined by resource allocation table, slot K is not counted for PUSCH repetition or TBoMS based on reported TA due to DL/UL collision and the collision ambiguity period is [-1, +1] slot, then slot K-1, K and slot K+1 will not be counted to the actual TDW.
Proposal 7:  All UL repetition(s) on which UL cancellation may happen could be excluded from actual TDW for UL DMRS bundling. These UL repetition(s) can be determined from the collision ambiguous periods(s) of DL/UL collision(s) based on the latest reported TA.
1.6 CSI Processing Unit (CPU) occupation due to omitted DL reception or UL transmission
In [5] paper, the issue on CPU occupation due to omitted DL reception or UL transmission for FDD-HD RedCap in NTN was proposed for further study.  The rules for CPU occupation had been specified in clause 5.2.1.6 of TS38.213 since Rel-15. It was not enhanced (even not discussed) in Rel-17/18 (e)RedCap WIs when the collision handling rules were introduced for FDD-HD UE in TN. The existing rules of CPU occupation (in Rel-18) are copied below.
	For a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity not set to 'none', the CPU(s) are occupied for a number of OFDM symbols as follows:
[bookmark: _Hlk162342205]-	A periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report and a semi-persistent CSI report on PUSCH configured with the higher layer parameter codebookType set to 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18') occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource, or each CSI-RS/CSI-IM resource associated with all configured sub-configurations for periodic CSI report corresponding to a CSI-ReportConfig that contains a list of sub-configurations provided by csi-ReportSubConfigList, or each CSI-RS/CSI-IM resource associated with all activated/triggered sub-configurations for semi-persistent CSI report corresponding to a CSI-ReportConfig that contains a list of sub-configurations provided by csi-ReportSubConfigList, for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH carrying the report. 
(rule 1 introduced since Rel-15)
[bookmark: _Hlk162343152]-	An aperiodic CSI report occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol of the scheduled PUSCH carrying the report. When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], for the purpose of determining the CPU occupation duration, the PDCCH candidate that ends later in time is used. 
(rule 2 introduced since Rel-15)
-	An initial semi-persistent CSI report on PUSCH after the PDCCH trigger occupies CPU(s) from the first symbol after the PDCCH until the last symbol of the scheduled PUSCH carrying the report. When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], for the purpose of determining the CPU occupation duration, the PDCCH candidate that ends later in time is used.
(rule 3 introduced since Rel-15)
-	A semi-persistent CSI report on PUSCH configured with the higher layer parameter codebookType set to 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18' occupies CPU(s) from the first symbol of KP-th latest consecutive periodic/semi-persistent CSI-RS occasions no later than CSI reference resource, until the last symbol of the PUSCH carrying the report, where the value of  is indicated by UE capability.
(rule 4 introduced since Rel-18)
For a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'none' and CSI-RS-ResourceSet with higher layer parameter trs-Info not configured, the CPU(s) are occupied for a number of OFDM symbols as follows:
[bookmark: _Hlk162343952]-	A semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) occupies CPU(s) from the first symbol of the earliest one of each transmission occasion of periodic or semi-persistent CSI-RS/SSB resource for channel measurement for L1-RSRP computation, until  symbols after the last symbol of the latest one of the CSI-RS/SSB resource for channel measurement for L1-RSRP computation in each transmission occasion.
(rule 5 introduced since Rel-15)
[bookmark: _Hlk162344248]-	An aperiodic CSI report occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol between  symbols after the first symbol after the PDCCH triggering the CSI report and  symbols after the last symbol of the latest one of each CSI-RS/SSB resource for channel measurement for L1-RSRP computation.
(rule 6 introduced since Rel-15)
where  are defined in the table 5.4-2.



In rule 1, CPU occupation for periodic and semi-persistent CSI report is based on the CSI-RS/CSI-IM/SSB resource for channel/interference measurement and configured PUSCH/PUSCH associated with the corresponding CSI-ReportConfig, no matter whether the reception of configured CSI-RS/CSI-IM/SSB or transmission of configured PUSCH/PUCCH is cancelled or not. Similar assumption can be inferred in rule 3, rule 4 and rule 5, although the wording is a little bit different.  In NTN scenario, the existing rule 1, 3, rule 4 and rule 5 can be reused, because gNB and UE have common understanding on the relative timing of configured DL and UL similar to in TN scenario. 

Observation 5: CPU occupation for periodic and semi-persistent CSI report is based on the configured DL CSI-RS/CSI-IM/SSB resource and configured PUSCH/PUSCH. The existing rule 1, 3, 4 and 5 can be reused by FDD-HD RedCap UE in NTN.

In rule 2, 3, 6, the CPU occupation for aperiodic CSI report or an initial semi-persistent CSI report on PUSCH is from the first symbol after the PDCCH triggering the CSI report. The CPU is not occupied when the reception of triggering PDCCH is cancelled on the configured PDCCH monitoring occasion due to collision with UL transmission (Case 2 in RAN1#116 agreement). In NTN scenario, gNB and UE may have different assumption on the cancellation of triggering PDCCH and CPU occupation due to TA mismatch, which might result in different understanding on the CSI reports in PUCCH/PUSCH between gNB and UE. In such case, it would be safer for gNB not transmitting PDCCH in the DL slots which might be cancelled (i.e. collision ambiguous period based on the reported TA) to trigger aperiodic or initial semi-persistent CSI report. Once the triggering PDCCH is received, the dynamically scheduled PUSCH carrying CSI report (in rule 2 and rule 3) may still be cancelled due to collision with configured SSB (Case 5). We propose to maintain the CPU occupation until the end of PUSCH even if it is cancelled, as gNB may not know the cancellation due to TA mismatch. 

Proposal 8: gNB should avoid transmitting PDCCH to trigger aperiodic or initial semi-persistent CSI report in the configured PDCCH monitoring occasions that might be cancelled due to collision with UL transmission. CPU occupation should be maintained until the end of PUSCH carrying the CSI report, even if the scheduled PUSCH is cancelled. 

Conclusions
In this contribution, whether any essential changes are needed for the candidate cases identified during the last meeting to support HD-FDD RedCap UEs and eRedCap UEs operation in FR1-NTN is discussed. The following proposals and observations are presented:

Observation 1: The TA mismatch between UE and gNB can be as large as +/- 16ms based on the current TA reporting mechanism. Even by decreasing the granularity and increasing the frequency of TA report, it may still occur due to latency in securing and sending the earliest available UL-SCH resources that can accommodate the MAC CE, e.g. UE may need to send an SR over the long RTT of the NTN cell to request such resources.
Proposal 1: How to reduce the TA mismatch between FDD-HD RedCap UE and gNB can be considered in Rel-19 NTN.  

Observation 2: Based on existing TA reporting mechanism, avoiding error cases in Case 3 and Case 4 by conservative scheduling at gNB may result in significant per UE throughput degradation for FDD-HD Redcap UE due to the large TA mismatch.
Proposal 2: Network should have the flexibility to indicate to the FDD-HD UE whether or not UL transmission is prioritized to DL reception on symbols where collision is determined by the UE in either case 3 or case 4 or both.  

Proposal 3: At least the priority rules to cancel UL transmission or DL reception at UE side in the cases of DL/UL overlapping (Case 1/2/5/6) and back-to-back non-overlapping symbols without sufficient gap (case 7), as defined in clause 17.2 of TS38.213, can be reused by (e)RedCap UE in NTN from UE perspective by taking the effect of timing advance into account when determining the DL reception symbols and UL transmission symbols.
Observation 3: When there is TA mismatch between gNB and UE, the uplink throughput might be impacted either due to UL interference from the configured UL or by conservative scheduling at gNB.  
Proposal 4: When determining whether to cancel a UL transmission, UE can further check the DL/UL collision according to the UL timeline with the latest reported TA in addition to the UL timeline with the actually used TA. The UL cancellation rules should be applied if conditions for a cancellation are satisfied based on either the TA actually used or the TA latest reported. 
Observation 4: gNB can avoid scheduling dynamic UL in UL impacting period in which UL transmission might overlap with the reception occasion of SIB19. No need to define special handling rule for SIB19.

Proposal 5: For an FDD-HD RedCap UE scheduled with a PUSCH transmission with repetition type A and AvailableSlotCounting is enabled, or with a PUSCH transmission with TBoMS, the UE cancels the UL transmission(s) in the slot(s) where there is “Collision” with SSB according to the DL/UL timing assuming the latest reported TA and DL/UL timing with actually used TA. Slot counting between UE and gNB are only based on DL/UL timing assuming the latest reported TA. Invalid symbols determination for PUSCH repetition type B can use the same method.
Proposal 6: The issue of nominal TDW determination due to TA mismatch should be considered for PUSCH repetition type A when AvailableSlotCounting is enabled, TBoMS and PUCCH repetition.  
Proposal 7:  All UL repetition(s) on which UL cancellation may happen could be excluded from actual TDW for UL DMRS bundling. These UL repetition(s) can be determined from the collision ambiguous periods(s) of DL/UL collision(s) based on the latest reported TA.

Observation 5: CPU occupation for periodic and semi-persistent CSI report is based on the configured DL CSI-RS/CSI-IM/SSB resource and configured PUSCH/PUSCH. The existing rule 1, 3, 4 and 5 can be reused by FDD-HD RedCap UE in NTN.
Proposal 8: gNB should avoid transmitting PDCCH to trigger aperiodic or initial semi-persistent CSI report in the configured PDCCH monitoring occasions that might be cancelled due to collision with UL transmission. CPU occupation should be maintained until the end of PUSCH carrying the CSI report, even if the scheduled PUSCH is cancelled. 
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