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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
As described in RP-234078[1], the objective on RedCap for NR NTN is as follows:
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 this contribution, we analyze possible technical issues of the operation of RedCap and eRedCap UEs in NTN and provide our views on these issues.

Discussion 
0. Collision issue from TS38.213
The feature of supporting reduced capabilities was introduced in R17, which is divided into duplex UE and half duplex UE. Duplex terminals can send and receive data simultaneously, and their application is natural to NR NTN. However, half duplex UEs discuss the following collision handling rules in R17 because UE cannot send and receive data simultaneously:
	Agreements:
For HD-FDD operation for RedCap UEs, collisions may be addressed or alleviated with proper scheduling. The following cases of potential collisions can be further studied to see if any change to the current specs is necessary:
· Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
· e.g., dynamic PDSCH or CSI-RS collides with configured SRS, PUCCH, or CG PUSCH
· Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
· e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH
· Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
· Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission
· e.g., PUSCH, PUCCH, PRACH, SRS
· Case 8: Dynamic or semi-static DL vs. valid RO
· Case 9: Collision due to direction switching




Meanwhile, there is one conclusion for collision handling:
	[bookmark: OLE_LINK2][bookmark: OLE_LINK3]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. 


[bookmark: OLE_LINK6][bookmark: OLE_LINK7]This is mainly because the distance between the gNB and UE is relatively close in terrestrial networks, and the transmission delay is very small. Through the scheduling of the gNB, the weak impact of timing advance on the system can be avoided. And in NTN, it may be a problem for gNB by scheduling to avoid collisions, the specific details are as follows.
As discrible in TS38.213, for the case3 and cas4 above, the rules for collision are as following:
	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.



	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.



In NTN, due to the movement of satellites, the timing advance of the service link between the satellite and the UE is estimated by the UE itself. The gNB obtains the pre-compensation amount through the full TA reported by the UE. On the one hand, due to the large delay in NTN, the TA value reported by UE is outdated. On the other hand, TA report is triggered by the UE based on the threshold configured by the higher layer parameters offsetThresholdTA-r17(its value range is 0.5ms to 16ms), That is, when the difference between the current TA and the last reported value is greater than the value of offsetThresholdTA-r17, the UE reports the TA, and the granularity is 1ms. Because in the previous discussion, the TA report is used for the timing relationship configuration later, so the roase TA can meet the requirements. 
For half duplex UEs, the gNB needs to distinguish whether the UE is in the uplink slot or the downlink slot according to the reported TA to avoid collision. As shown in Figure 1, the TA value reported by the UE is 4ms, the UE can work well when gNB schedules based on the reported value where the UE-specific koffset is configured as 4 slots assuming that SCS is 15kHz. However, as the satellite moves, the distance between the satellite and UE constantly changes, causing the actual TA value used by UE to increase or decrease. When the gNB still schedules according to the outdated reported value, there will be a collision on the UE side, as shown in orange and grey in the figure, where blank indicates no scheduling.
[image: ]
Figure 1: HD collision in NTN

Due to the inconsistent understanding of TA between the gNB and the UE, the DL reception and UL transmission will be collided at UE side.
Observation 1:  gNB may not be able to avoid the DL and UL collision via scheduling if accurate TA is not obtained. 

0. Collision issue from TS38.214  
In TS38.214, for UL configured grant transmission, UE is expected to determine the slot counting with following rules:
	For both Type 1 and Type 2 PUSCH transmissions with a configured grant, when K > 1, 
-	For paired spectrum and SUL band:
-	The UE shall repeat the TB across the  consecutive slots applying the same symbol allocation in each slot, except if the UE is provided with higher layer parameters cg-nrofSlots and cg-nrofPUSCH-InSlot, in which case the UE repeats the TB in the repK earliest consecutive transmission occasion candidates within the same configuration.
-	If AvailableSlotCounting is enabled, and in case of reduced capability half-duplex UE, the UE shall repeat the TB across the  slots applying the same symbol allocation in each slot. 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.
…



Current specification allows UE to do slot counting based on autonomous collision processing mechanism. However, due to TA variation, the collided slots will be changed from time to time. Therefore, the slot counting for UL configured grant will be problematic due to mis-understanding between UE and gNB.
In NTN case, due to TA variation, the gNB can only conduct conservative scheduling, which will cause large resource waste. Therefore, the accuracy of TA reporting needs further research. For example, UE can report TA drift, and the gNB predicts real-time TA scheduling based on UE reporting to minimize resource waste.
Observation 2:  Slot counting will be misaligned between UE and gNB if accuarte TA is not obtained at gNB side. 

Proposal 1: RAN1 is to be further checking if the following issues are valid due to the impact to RedCap UE performance:
· gNB may not do suitable scheduling to avoid collision issue based on current TA reporting mechanism 
· Slot counting in configured grant case will be mis-aligned between UE and gNB if gNB can’t get the accurate TA reporting

Conclusion
In this contribution, we analzyed potential issues of the operation of RedCap and eRedCap UEs in NTN, and the proposals are listed as follows:
Observation 1:  gNB may not be able to avoid the DL and UL collision via scheduling if accurate TA is not obtained. 
Observation 2:  Slot counting will be misaligned between UE and gNB if accuarte TA is not obtained at gNB side. 

Proposal 1: RAN1 is to be further checking if the following issues are valid due to the impact to RedCap UE performance:
· gNB may not do suitable scheduling to avoid collision issue based on current TA reporting mechanism 
· Slot counting in UL configured grant case will be mis-aligned between UE and gNB if gNB can’t get the accurate TA reporting
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