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1. Introduction
In the RAN #102 meeting, a new WID was approved for Rel-19 NR NTN[1], one of the objectives of the WID is related to Reduced Capability (RedCap) UEs with NR NTN operating, the details are shown in below:
	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 RAN1#116 meeting [2], the following agreement has been achieved. 
Agreement
Study at least the following scenarios for (e) RedCap HD-FDD UEs for NTN:
· Whether existing handling rules for the following cases should be reused or updated when taking into account TA mismatch between actual TA used by UE and assumed TA at the gNB based on available TA report: 
· Case 1: Dynamically scheduled DL reception collides with semi-statically configured UL transmission
· Case 2: Semi-statically configured DL reception collides with dynamically scheduled UL transmission
· Case 3: Semi-statically configured DL reception collides with semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception collides with dynamic scheduled UL transmission
· Case 5: Configured SSB collides with dynamically scheduled or configured UL transmission
· Case 6: Dynamic or semi-static DL collides with valid RO
· Case 7: Collision due to direction switching
· At least the following potential issues can be further considered for (e)RedCap HD-FDD UEs
· Error cases in case 3 and case 4
· SIB19 reception collides with UL transmission
· Slot counting for UL repetition transmission colliding with SSB reception
· Invalid symbol determination for PUSCH repetition type B
· Actual TDW determination due to the collision between DL reception and UL transmission with DMRS bundling
· CPU occupation due to omitted DL reception or UL transmission
Note: Both GSO and Non-GSO should be considered.
In this contribution, whether any essential changes are needed to support the operation of HD-FDD RedCap UEs and eRedCap UEs in FR1-NTN is discussed.
2. [bookmark: OLE_LINK4][bookmark: OLE_LINK3]Discussion
TA misalignment between gNB and UE
For TN scenario, the distance between gNB and UE is small, accordingly, the RTT between gNB and UE is also small, thus, weak impact of time advance on TN for data scheduling and potential TA misalignment to cause data collision can be avoid based on gNB implementation. However, for NTN scenario, based on scheduling mechanism at gNB side to avoid collision between DL reception and UL transmission may not be suitable due to TA misalignment between gNB and UE.
In current specification, the granularity of TA reporting is based on slot with 15Khz SCS, the Timing Advance field indicates the least integer number of slots for NTN or symbols for ATG, using sub-carrier spacing of 15 kHz for NTN and either 15 kHz or 30 kHz for ATG, greater than or equal to the Timing Advance value, which mean a TA reported by a UE need to align with the granularity of 1ms, however, there is an uncertainty of 1 ms about actual TA between gNB and UE. In other words, gNB may not know the actual location of a TA within a slot/ms, thus, based on gNB scheduling mechanism to avoid collision between DL reception and UL transmission will be caused resource waste due to gNB need to adapt a very conservative scheduling way.
Observation1: For HD-FDD Redcap UEs and eRedCap UEs for FR1-NTN, if DL reception and UL transmission collision avoiding based on gNB scheduling mechanism, resources waste will be caused due to TA reporting granularity. 
In current specification for NTN, a Timing Advance report (TAR) shall be triggered if any of the following events occur:
-	upon indication from upper layers to trigger a Timing Advance report;
-	upon configuration of offsetThresholdTA by upper layers, if the UE has not previously reported Timing Advance value to current Serving Cell;
-	if the variation between the current estimate of the Timing Advance value and the last reported Timing Advance value is equal to or larger than offsetThresholdTA, if configured.
However, for timing advance report based on the variation between the current estimate of the timing advance value and the last reported timing advance value is equal to or larger than offsetThresholdTA, with this way, there is a gap between the last reported timing advance and the current estimate of the timing advance value and the gap value is equal to the configured offsetThresholdTA,  if  DL reception and UL transmission collision need to avoid based on gNB scheduling mechanism, thus, for a data transmission/reception, gNB need to reserved large of resources, for instance, as show in figure 1, due to TA mismatching between gNB and UE, then gNB cannot judge the actual overlapping area of DL reception and UL transmission. If gNB need to avoid collision between DL reception and UL transmission, then much resources need to be reserved to guarantee one of data transmission, this will cause large resource wasting.


Figure1, scheduling limitation due to TA mis-matching
Observation 2: For HD-FDD Redcap UEs and eRedCap UEs for FR1-NTN, if DL reception and UL transmission collision avoiding based on gNB scheduling mechanism, resources waste will be caused due to misalignment TA between gNB and UE.
Based on analysis of above, collision between DL reception and UL transmission overlapping and/or back-to-back non-overlapping symbols without sufficient gap caused by TA misalignment between gNB and UE for redcap UE under NTN scenario need to study. One potential solution is to enhance the TA report, finer granularity for TA reported by UE can be considered, then accurate knowledge about the TA of a redcap UE can be provide more prior information for gNB scheduling, and potential collision scheduling between DL reception and UL transmission caused by TA granularity misalignment can be avoid. In addition, since TA value will be change due to UE and satellite movement, however, due to configured value of OffsetThresholdTA, the UE needn’t to report TA frequently until trigger condition satisfied, to handle of this, the most straightforward way is enabled UE to update TA frequently to let gNB know the actual TA timely. 
Proposal 1: For HD-FDD Redcap UEs and eRedCap UEs for FR1-NTN, TA report with finer granularity can be considered. 
Proposal 2: For HD-FDD Redcap UEs and eRedCap UEs for FR1-NTN, TA update frequently to let gNB know the actual TA in time can be considered.
Another potential solution is to define new rules to instead of depending on gNB to avoid the collision through scheduling or regarding it as an error case when the collision happened, to improve the resources efficient, just only one of a transmission of DL reception and UL transmission need to drop, with this way, one discarding principle of DL reception and UL transmission can be considered which is to maximize system capacity.

Proposal 3: Define a new rule to handle of collision between DL reception and UL transmission for HD-FDD Redcap UEs and eRedCap UEs for FR1-NTN can be considered.
SIB19 reception under NTN scenario
In current specification, other system information (OSI) are configured/indicated by SIB1, a periodicity and SI window can be configured to UE, when more than one SIs have the same periodicity, then the SIs can be transmitted within a SI window, the order of the SIs are configured via SIB1, as show in figure 2. However, with this case, the collision between SIB19 reception and UL transmission will be happened. 


Figure 2, SIs pattern in time domain
For HD-FDD Redcap UEs and eRedCap UEs for FR1-NTN, the UE need to receive SIB19 to acquire information of satellite (e.g., ephemeris) timely, due to collision between SIB19 reception and UL transmission, some opportunity for SIB19 receiving will be missed, especially for HD-FDD redcap UE, thus, the current rules for SIB19 reception and uplink transmission is not suitable any more, the opportunity of SIB 19 reception for HD-FDD Redcap UEs and eRedCap UEs need to guarantee. 
Proposal 4: Opportunity of SIB 19 reception for HD-FDD Redcap UEs and eRedCap UEs for FR1-NTN need to guarantee.
3. Conclusion
In this contribution, the following observations and proposals have been made:
Observation1: For HD-FDD Redcap UEs and eRedCap UEs for FR1-NTN, if DL reception and UL transmission collision avoiding based on gNB scheduling mechanism, resources waste will be caused due to TA reporting granularity. 
Observation 2: For HD-FDD Redcap UEs and eRedCap UEs for FR1-NTN, if DL reception and UL transmission collision avoiding based on gNB scheduling mechanism, resources waste will be caused due to misalignment TA between gNB and UE.
Proposal 1: For HD-FDD Redcap UEs and eRedCap UEs for FR1-NTN, TA report with finer granularity can be considered. 
Proposal 2: For HD-FDD Redcap UEs and eRedCap UEs for FR1-NTN, TA update frequently to let gNB know the actual TA in time can be considered.
Proposal 3: Define a new rule to handle of collision between DL reception and UL transmission for HD-FDD Redcap UEs and eRedCap UEs for FR1-NTN can be considered.
Proposal 4: Opportunity of SIB 19 reception for HD-FDD Redcap UEs and eRedCap UEs for FR1-NTN need to guarantee.
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