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[bookmark: _Ref513464071]Introduction
In RAN #102 meeting, the WI for R19 NR NTN for Phase 3 [1] is approved.
To support, RedCap devices for NTN operation, this WID has an objective to support RedCap devices with NR NTN. The justification for this objective is in the following: 
	[bookmark: _Hlk158290424]
5) Address RedCap UE within FR1 NTN

The support of RedCap devices (e.g. handheld and IoT) operating in FR1 band NR-NTN networks can offer enhanced service capabilities (wideband/broadband) compared to IoT-NTN while ensuring low-complexity devices. Global coverage would clearly benefit RedCap devices. RF and RRM requirements were defined for RedCap devices only for terrestrial networks in releases 17 and 18.




This justification is linked to the following objective:
	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 document discusses some aspects of HD-FDD RedCap collisions in the context of NTN operation.
Half-Duplex FDD RedCap operating in NTN
RedCap operation support is fundamental to Rel-19 NR NTN work. This will add the support of additional IoT use cases through NTN networks beyond what is supported by IoT NTN, where NB-IoT and eMTC based devices operate in NTN networks.
Among RedCap devices, HD-FDD devices are of high importance being the low cost version of RedCap devices. These devices are not equipped with a duplexer, and thus they cannot transmit and receive simultaneously. This leads to HD operation for these devices even when they operate in paired spectrum, so called FDD operation. Thus, despite being operating in FDD mode/system, these devices operate in a time division transmission/reception mode, which results in some collisions/overlaps of different UL and DL transmissions from system point of view.
In the following, first we provide a quick overview of the collision cases which were studies and specified for HD-FDD RedCap operation in Release-17. 
HD-FDD REDCAP Collision Rules
REDCAP Rel-17 studied the following collision cases for HD-FDD devices:
· 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
The rules, primarily prioritization of one transmission over the other, for the collision cases were standardized during Rel-17 and these are captured in Section 17.2 of [2]. In essence, a UE will prioritize dynamically scheduled UL/DL transmission over a semi-statically configured DL/UL transmission. And a UE is not expected to be semi-statically configured with colliding UL and DL transmissions. Similarly, a UE does not expect to be DCI scheduled with colliding UL and DL transmissions.
SSB colliding with UL transmission case, a UE will prioritize SSB reception except for the case of a valid RACH occasion overlapping with SSB which is left to UE implementation.
For Case 8 of dynamic/semi-static DL transmission colliding with a valid RACH occasion is left to UE implementation whether to receive DL transmission or transmit PRACH. 
For the RedCap HD-FDD collision cases which have been addressed in Rel-17, it would make sense to apply the same prioritization rules whenever applicable. This would save the effort to discuss and re-open the earlier resolved cases.
Proposal 1: RAN1 to apply the Rel-17 HD-FDD collision rules for RedCap NTN operation whenever applicable. 

NTN Operation for HD-FDD RedCap Devices
Rel-17 RedCap WID discussed and standardized the collision cases and prioritization rules for HD-FDD RedCap devices. Nevertheless, NTN operation has some peculiar features which may need to be investigated for HD-FDD RedCap devices operating in NTN. The key characteristics of NTN channels are in the following:
Very Large RTT and Timing Advance:
Contrary to the terrestrial networks where the RTT and the timing advance are typically a fraction of the slot, the RTT in the NTN networks could be very large. Depending upon the nature of the satellites LEO/MEO/GEO, the RTT could be ~25 ms for LEO orbiting in a 600 km radius and the RTT could be as large as ~540 ms for GSO. This leads to the timing advance spanning large number of slots, e.g., for LEO case 25 slots at 15 KHz SCS.
Observation 1: The RTT and timing advance can span much large number of slots in NTN contrary to TN.

UE based Timing Pre-Compensation and TA Reporting: 
For NTN operation, the network broadcasts valid ephemeris information and Common TA parameters. To perform initial access, the UE acquires its GNSS position, and then based upon the network broadcast information of satellite position, UE computes the RTT between the UE and the satellite. Using the computed RTT and common TA parameters, the UE will autonomously pre-compensate the timing advance locally. 
The UE may be configured to report the TA in timing advance report to the network in Msg-3 or Msg-5 during the initial access. Nevertheless, prior to TA report reception, the network may not know the TA/RTT for a given UE.
Observation 2: Prior to receiving timing advance report from a UE operating in NTN, the network may not know the RTT and timing advance for that UE.

RTT/Timing Advance Variation among different UEs:
Satellite based nodes are located much farther away from UEs compared to TN nodes and with different elevation angles for different UEs, there could be considerable variation of RTT among different UEs being in the coverage of a given satellite.
Observation 3: There may be a large variance among UEs w.r.t RTT and timing advance in NTN networks.
Due to large variation of RTT and timing advance among the UEs in the coverage of given satellite, many of the UL slots from these UEs may overlap or collide with the DL slots. For the case of UL slots comprising of RACH occasions and the DL slots comprising of SSB and/or RACH response window, the network scheduling in view of varying RTT UEs may become difficult.
Observation 4: A large number of UL slots from different UEs having different RTTs may collide with multiple DL slots, making the configuration difficult for initial access, e.g., RACH.

Based upon the previous discussion, we note that the specific aspects of NTN channels, large RTT, variability of RTT among UEs, the network not knowing the TA from different UEs may potentially impact the HD-FDD operation. 
Observation 5: The special timing aspects of NTN operation and network not knowing UE applied timing advance during initial access may impact the NTN operation for HD-FDD devices.
Nevertheless, with respect to the prioritization rules already specified for RedCap during Rel-17 standardization, we see the collision cases addressed for SSB to different UL transmissions, and also for RACH occasions potentially colliding with different DL transmissions. For all these cases, the UE behavior has been specified in terms of which transmissions a UE will prioritize for HD-FDD operation.
RAN1 will need to study which of the NTN scenarios need additional specification support or different prioritization compared to Rel-17 collision rules.
[bookmark: _Hlk158904158]Proposal 2: RAN1 to identify the NTN scenario for HD-FDD RedCap devices where the Rel-17 specified collision handling does not apply/suffice. 

Conclusions
In this contribution, the following observations are made:
Observation 1: The RTT and timing advance can span much large number of slots in NTN contrary to TN.
Observation 2: Prior to receiving timing advance report from a UE operating in NTN, the network may not know the RTT or timing advance for that UE.
Observation 3: There may be a large variance among UEs w.r.t RTT and timing advance in NTN networks.
Observation 4: A large number of UL slots from different UEs having different RTTs may collide with multiple DL slots, making the configuration difficult for initial access, e.g., RACH.
Observation 5: The special timing aspects of NTN operation and network not knowing UE applied timing advance during initial access may impact the NTN operation for HD-FDD devices.

The observations made in this document have led to the following proposal:
Proposal 1: RAN1 to apply the Rel-17 HD-FDD collision rules for RedCap NTN operation whenever applicable. 
Proposal 2: RAN1 to identify the NTN scenario for HD-FDD RedCap devices where the Rel-17 specified collision handling does not apply/suffice. 
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