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1 Introduction
[bookmark: _Hlk145277988][bookmark: _GoBack]At the previous RAN#102, the following Work Item Description (WID) was approved [1]. The motivation behind this is that it needs to check whether current specification can support RedCap UE for FR1-NTN without specification change or not. 

	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.



This contribution focuses on check whether any essential changes are needed. 

2 Discussion

HD collision rules
In Rel-17 RedCap, the following cases have been specified for handling overlaps between downlink channels and uplink channels for HD-FDD UEs. These cases include:
· Case 1: Dynamic scheduled downlink channel and Dynamic scheduled uplink channel
· Case 2: Semi-static configured downlink channel and dynamic scheduled uplink channel
· Case 3: Dynamic scheduled downlink channel and semi-static configured uplink channel
· Case 4: Semi-static configured downlink channel and semi-static configured uplink channel
· Case 5: SS/PBCH blocks and uplink channel 
· Case 6: Downlink channel and PRACH 

Please note that these cases are applicable with timing advance due to the following conclusion. 
	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 




Scheduling restriction due to TA reporting granularity
	Since the minimum TA reporting granularity is 1ms (i.e., 1 slot based on 15kHz subcarrier spacing), there may be some ambiguity issues in Non-Terrestrial Networks (NTNs). Figure 1 illustrates an example of explaining the ambiguity issue. If Case 2 (listed in HD collision rules) occurs, the UE does not receive the semi-static downlink channel while transmitting the dynamic scheduled uplink channel. In Figure 1, the following assumptions are considered.
· UE 1 and UE 2 provide 2ms to the gNB as the TA reporting value. For the actual TA reporting value, 2ms is for UE 1 and 1.01ms for UE 2. 
· The gNB provides PDCCH in slot n-3 that schedules PUSCH transmitted in slot n+2. 	
[image: ]

Figure 1. The example of explaining ambiguity on overlapping between DL and UL

Since the gNB only knows the TA reporting value of 2ms from both UEs, it does not know the exact TA value applied by those UEs. Therefore, due to the restrictions of Case 2, it is not possible for the gNB to schedule PDCCH in slots n and n+1. If the gNB transmits PDCCH in slot n assuming that the UE's actual TA value is 2ms, the UE will not receive PDCCH because the PDCCH provided in DL slot n overlaps with the PUSCH transmitted in UL slot n+2. Similarly, the UE will not receive PDCCH if the gNB transmits PDCCH in slot n+1 assuming that the UE's actual TA value is 1.01ms because the PDCCH provided in DL slot n+1 overlaps with the PUSCH transmitted in UL slot n+2. As a result, scheduling delays occur, and the gNB cannot efficiently utilize DL resources. Therefore, it may be necessary to consider a new granularity for TA reporting to address this issue. For instance, the minimum granularity is less than 1ms. 
Proposal 1: Discuss on how to address the scheduling restrictions that arise due to the granularity of TA reporting 


Scheduling restriction due to applied time-varying TA value 
	For Cases 1 and 4 (listed in HD collision rules), the current specification states that "the UE does not expect~". This implies that the gNB should avoid scheduling or configuring overlapping downlink channels and uplink channels. In Terrestrial Networks (TN), this is not an issue because the Timing Advance (TA) value does not change frequently. However, in Low Earth Orbit (LEO), it is widely known that Non-Terrestrial Network (NTN) UEs should apply different TA values for service links depending on satellite occasions. Therefore, it may be difficult for the gNB to avoid this through its implementation, particularly for Case 4. For example, when the gNB configures the search space for Physical Downlink Control Channel (PDCCH) monitoring and configured grant PUSCH, these two physical channels may overlap depending on different TA values. Thus, it may be necessary to specify UE behaviors for Case 4 in order to reduce gNB scheduling complexity.
Proposal 2: Discuss on how to address the scheduling restrictions that arise due to the time-varying nature of the TA value


Conclusion
This contribution discussed on potential issues for RedCap/eRedCap UEs in NTN. Followings are proposals in this contribution. 
Proposal 1: Discuss on how to address the scheduling restrictions that arise due to the granularity of TA reporting 
Proposal 2: Discuss on how to address the scheduling restrictions that arise due to the time-varying nature of the TA value
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