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Introduction
In the RAN #102 meeting, the WID of Release 19 NR NTN was agreed upon [1]. One objective is related to supporting the HD-FDD (e)RedCap UE for FR1-NTN. 
	5. Support of Rel-17 RedCap and Rel-18 eRedCap UEs with NR NTN operating in FR1-NTN bands [RAN4, RAN1]
· For full-duplex FDD RedCap and eRedCap UEs, define the RF and RRM requirements [RAN4]
· For HD-FDD RedCap UEs and eRedCap UEs, check whether any essential changes are needed for their support (i.e. focusing on HD collision rules) by end of Q2/2024 [RAN1]
· Depending on feasibility assessment above, define the RF and RRM requirements [RAN4]
· Notes for this objective:
· GNSS (Global Navigation Satellite Systems) capabilities and simultaneous GNSS and NR-NTN operation is supported in RedCap/eRedCap UE.


In addition, the following agreements [2] were made to study further the impacts of supporting the HD-FDD (e)RedCap UEs.
	Observation
To avoid the occurrence of error cases 3 and 4 through network scheduling, there are less resources available for a scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN when there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB. 

Observation
For collision cases 1, 2, 5 and 6, when there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB, there might be less resources available for the scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN if gNB attempts to avoid the collision or there is a loss of DL/UL transmissions due to collision. 

Observation
When there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB, there may be a BLER performance degradation for the reception of UL transmissions at the gNB for the scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN if gNB does not attempt to avoid the collision at least in the following cases: 
· UL transmission with repetitions due to different available slot counting at UE and gNB when colliding with SSB reception
· PUSCH repetition type B due to different invalid symbol determination at gNB and UE when colliding with DL transmissions 
· UL transmission with DMRS bundling due to the different actual TDW determination at gNB and UE when colliding with DL transmissions
Note: the above cases happen at least with one of collision cases 1, 2, 5, 6, and 7.



This contribution provides our views on supporting the HD-FDD RedCap UE with NR NTN operating in FR1-NTN bands. 
Discussion
For HD-FDD RedCap UE operating in terrestrial network, the DL and UL collision due to the TA misalignment is not considered, as TA change is small in the terrestrial network. So, it’s up to the network scheduling to avoid the collision or left UE implementation to drop the DL reception or UL transmission if UL and DL is collision.
	[bookmark: OLE_LINK3]Conclusion [3]: Enhancement for potential UL and DL collision handling due to TA misalignment is not considered for Type-A HD-FDD operation of RedCap UEs. 


However, the TA changing in the NTN is larger than TN, this will cause the big difference between gNB assumed TA and actual used TA by UE. For LEO600 case, the TA could change about 2ms in one second due to the fast-moving of the satellite. Examples of TA misalignment between gNB and UE are shown in Figure 1.
TA report was specified in Rel-17 for NR-NTN. For UE with the TA report capability, TA report is triggered if the variation between the current TA and the last reported TA is equal to or larger than offsetThresholdTA. If the gNB assumed collision time is T, the actual collision could happen in the time of [T-offsetThresholdTA/2, T+ offsetThresholdTA/2]. 

[image: ]
Figure 1: Example of TA misalignment between gNB and UE
For DL transmission in subframe#4, according to UE reported TA, i.e., 8ms, gNB would assume the UL transmission in subframe#12 will collide with DL reception in subframe#4. From UE side, the actual TA is 10ms, the DL reception in subframe#4 would collide with the UL transmission in subframe#14. So, there is ambiguity between gNB and UE on the colliding UL subframe, i.e., subframe#12 and subframe#14.
For UL transmission in subframe#10, gNB would assume the DL subframe#2 will collide with UL transmission in subframe#10 according to reported TA 8ms. From UE side, DL subframe#0 will collide with UL transmission in subframe#10. gNB and UE have different understandings of the colliding DL subframe, i.e., subframe#0 and subframe#2.
The ambiguity on the colliding slot between gNB and UE could be reflected in the potential issues identified in the previous meeting. 
· Error cases in Case 3 and Case 4
The Case 3 and Case 4 are considered error cases for RedCap UE in the terrestrial network, which means the collision can be avoided by gNB scheduling. For NR-NTN, as analyzed above, to avoid the collision, it will restrict the slots for data scheduling, which causes the user throughput degradation. Thus, the new priority rule can be considered for both cases. Considering the standard and implementation impacts, the simple way is up to UE implementation to receive the DL or transmit the UL.  
Proposal 1: For the collision in Case 3 and Case 4, it’s up to UE implementation to transmit the UL or receive the DL.   
· SIB19 reception collides with UL transmission 
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]SIB19 acquisition is important to NTN UE to update the satellite ephemeris information. SIB19 is transmitted periodically, and it’s up to the UE to perform the SIB19 reception at which opportunity. If the SIB 19 is colliding with the dynamic scheduled UL transmission, the dynamic scheduled UL transmission should have priority. If the SIB 19 is colliding with the semi-statically configured UL transmission. It can be left to UE implementation to receive the SIB19 or transmit the UL. In short, the collision rules defined in Case 2 and or Case 3 can be re-used.  
Observation 1: Existing collision rules defined for Case 2 and Case 3 can be re-used for SIB 19 collision with UL transmission.
· Slot counting for UL repetition transmission colliding with SSB reception
	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.


Available slot-based counting was introduced for PUSCH repetition type A and TBoMS in Rel-17 to improve the PUSCH coverage. The available slot determination for HD-FDD UE includes whether the slot collides with SSB including the switching time. As discussed in the above Figure, the gNB and UE could have different understandings of the UL slot colliding with the SSB transmissions as the UE TA could not be reported in time. Therefore, how to determine the available slot for HD-FDD RedCap UE in NTN needs to be clarified from RAN1 specification, more specifically, the UL slot colliding with SSB is determined according to assumed TA at the gNB or according to the actual TA at the UE.
Proposal 2: RAN1 to clarify the slot counting for PUSCH repetition Type A and TBoMS for HD-FDD (e)RedCap UE operation in NTN.
· Invalid symbol determination for PUSCH repetition type B
	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.


In current spec, the invalid symbol is determined by the SSB burst position. As shown in Figure 1, according to UE reported TA, gNB could derive the symbols colliding with the SSB burst, but it could be different from the symbol with UE actual transmission. How to handle these two types of symbols need to be clarified in RAN1 specification for the HD-FDD RedCap UE operating in NTN. More specifically, the UL symbols colliding with SSB are determined according to assumed TA at the gNB or according to the actual TA at the UE.
Proposal 3: RAN1 to clarify the invalid symbol determination in PUSCH repetition type B for HD-FDD (e)RedCap UE operation in NTN.
· Actual TDW determination due to the collision between DL reception and UL transmission with DMRS bundling 
	-	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


The events were defined for HD-FDD UE with the DMRS bundling in Rel-17. However, considering the TA misalignment between the gNB and UE in NTN, the gNB and UE could have different understandings of which UL subframe is colliding with the downlink reception or downlink monitoring. In other words, the gNB doesn’t know which subframe is the restarting subframe for a new actual time domain window. Thus, DMRS bundling feature may not work well after the event. In addition, restarting DMRS bundling is an optional UE feature, i.e., FG30-4g. So, it’s preferred that restarting the DMRS bundling is not supported by HD-FDD (e)RedCap UE operating in NTN.
Proposal 4: Restarting the PUSCH and PUCCH actual time domain window is not supported for HD-FDD (e)RedCap UE operation in NTN.
· CPU occupation due to omitted DL reception or UL transmission
Regarding the UL and DL slot collision impacting on the CPU occupation, no special handling was defined in Rel-17 HD-FDD RedCap discussion. In other words, the defined Case 2 and Case 3 are to be applied for CPU occupation determination, including the CSI-RS dropping and UL channel carrying CSI report dropping. 
For HD-FDD RedCap UE operating in NTN, the difference is the UE reported TA may not be the UE actual TA, the priority rules defined for Case 2 and Case 3 still can be used even without the optimization from performance perspective. 
Observation 2: Existing collision rules defined for Case 2 and Case 3 can be re-used for CPU occupation determination. 
Conclusion
In this contribution, we provided our views on HD-FDD RedCap UE with NTN operation. Our observations and proposal are as follows:
Proposal 1: For the collision in Case 3 and Case 4, it’s up to UE implementation to transmit the UL or receive the DL.   
Observation 1: Existing collision rules defined for Case 2 and Case 3 can be re-used for SIB 19 collision with UL transmission.
Proposal 2: RAN1 to clarify the slot counting for PUSCH repetition Type A and TBoMS for HD-FDD (e)RedCap UE operation in NTN.
Proposal 3: RAN1 to clarify the invalid symbol determination in PUSCH repetition type B for HD-FDD (e)RedCap UE operation in NTN.
Proposal 4: Restarting the PUSCH and PUCCH actual time domain window is not supported for HD-FDD (e)RedCap UE operation in NTN.
Observation 2: Existing collision rules defined for Case 2 and Case 3 can be re-used for CPU occupation determination. 
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