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Introduction
In the RAN #102 meeting, the WID of Release 19 NR NTN was agreed upon [1]. One objective of the WID is uplink capacity/throughput enhancement 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 this contribution, we provide our views on the HD-FDD RedCap UE with NR NTN operating in FR1-NTN bands. 
Discussion
To support HD-FDD RedCap UE, the collision rules were defined in Rel-17 as follows [2].
 
· Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
· Reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum. 
· Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission 
· Reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier/single cell in unpaired spectrum
· Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission   
· A HD-FDD UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception in the set of symbols of the slot
· A HD-FDD UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and cell specific higher layer parameters configuring reception in the set of symbols of the slot
· Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission 
· Reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum
· That is, it is considered as an error case if a dynamically scheduled DL reception overlaps with a dynamically scheduled UL transmission.
· Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission 
· Re-use the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over configured UL transmission 
· Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamically scheduled UL transmission
· Case 8: Dynamic or semi-static DL vs. valid RO
· Leave it to UE implementation in general
· Case 9: Collision due to direction switching (DL to UL switching)

One of the differences between NR NTN RedCap UE and Rel-17/Rel-18 RedCap UE is the UL transmission timing. According to the specification, the UL transmission timing is determined using the following formula.



For non-NTN UE, the UL transmission timing is adjusted with timing advance command.
For NTN UE, common TA and UE-specific TA are introduced to keep the UL synchronization. UE-specific TA is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network. UE-specific TA is changed with the satellite fast-moving. The network may not know the UE-specific TA. 
Comparing NR NTN HD-FDD RedCap UE and Rel-17/Rel-18 HD-FDD RedCap UE, it needs to identify whether the UE-specific TA will introduce additional collision for NR NTN HD-FDD RedCap UE. 
· For Case 1 and Case 2, Rel-17 Redcap defined priority rule can be reused. More specifically, the dynamic grant scheduled DL reception or UL transmission has the high priority. 
· For Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission   
· With Semi-statically configured DL reception, the UE will receive the DL according to the configured periodicity, e.g., PDCCH or SPS PDSCH. Semi-statically configured UL transmission is configured with the periodicity, it includes configured SRS, PUCCH, and CG PUSCH. In general, the network will not configure the semi-static DL reception and UL transmission with the same timing, but considering the UE specific TA is changed and the repetition could be configured for both DL and UL, the collision may happen.  
· Rel-17/ Rel-18 HD-FDD UE would assume it’s the error configuration that caused the collision. For NR NTN HD-FDD UE, the network could not avoid the collision by configuration.
· For Case 4, Rel-17 Redcap defined priority rule can be reused. it is considered as an error case. 
· For Case 5, Rel-17 Redcap defined priority rule can be reused. SSB is prioritized in general.
· For Case 8, Rel-17 Redcap defined priority rule can be reused. Leave it to UE implementation in general.
· For Case 9, gNB could handle the guard time.

Observation: The collision rules defined for Cases, 2, 4, 5, 8, and 9 in Rel-17 RedCap can be re-used for HD-FDD RedCap and eRedCap UE with NR NTN operation.

Proposal 1: RAN1 is to further study whether a new collision rule is needed for case 3, i.e., Semi-statically configured DL reception vs. semi-statically configured UL transmission.      
Besides the HD-FDD feature, other features of eRedCap UEs may also be examined in the context of the NR NTN network. For example, when eDRX is configured for an eRedCap UE in IDLE/Inactive mode, the UE is not required to wake up outside the Paging Time Window (PTW). However, if the validity timer of serving satellite ephemeris and common TA parameters expires outside PTW, it needs to be clarified when UE needs to wake up to receive SIB 19 (e.g. before the validity timer expires or before the next PTW starts). Another feature of eRedCap UE is measurement relaxation, which can be conducted if UE is under certain conditions (e.g., not-at-cell-edge or low mobility). The legacy RSRP/RSRQ based method to determine not-at-cell-edge status or low mobility status may be replaced by distance or coverage information in NTN.  
Conclusion
In this contribution, we provided our views on HD-FDD RedCap UE with NTN operation. Our observation and proposal are as follows:

Observation: The collision rules defined for Cases 1, 2, 4, 5, 8, and 9 in Rel-17 RedCap can be re-used for HD-FDD RedCap and eRedCap UE with NR NTN operation.

Proposal 1: RAN1 is to further study whether a new collision rule is needed for case 3, i.e., Semi-statically configured DL reception vs. semi-statically configured UL transmission.       
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