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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In the RAN1 #116 meeting [1], the following agreements were achieved for the Support of RedCap and eRedCap UEs with NR NTN operating in FR1-NTN bands:
	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 the RAN1 #116-bis meeting [2], the following observations were achieved:
	Observation
[bookmark: OLE_LINK2]To avoid the occurrence of error cases 3 and 4 through network scheduling, there are less resources available for a scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN when there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB.
Observation
For collision cases 1, 2, 5 and 6, when there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB, there might be less resources available for the scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN if gNB attempts to avoid the collision or there is a loss of DL/UL transmissions due to collision.
Observation
When there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB, there may be a BLER performance degradation for the reception of UL transmissions at the gNB for the scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN if gNB does not attempt to avoid the collision at least in the following cases: 
· UL transmission with repetitions due to different available slot counting at UE and gNB when colliding with SSB reception.
· PUSCH repetition type B due to different invalid symbol determination at gNB and UE when colliding with DL transmissions.
· UL transmission with DMRS bundling due to the different actual TDW determination at gNB and UE when colliding with DL transmissions.
Note: the above cases happen at least with one of collision cases 1, 2, 5, 6, and 7.



In this contribution, we further discuss the HD-FDD RedCap UE with NR NTN operating in FR1-NTN bands and provide potential enhancements.
Discussion on potential enhancements
As we discussed in RAN1#116-bis, from our perspective, Case 1, Case 2, Case 5, Case 6, and Case 7 can reuse existing priority rules as a baseline, while Case 3 and Case 4 can not. The collision rule of Case 3 and Case 4 for HD-FDD RedCap/eRedCap UE in TN may need to be modified in NTN. 
Moreover, the collision cases mentioned before (e.g., Slot counting for UL repetition transmission colliding with SSB reception, Actual TDW determination due to the collision between DL reception and UL transmission with DMRS bundling, etc.) may also need enhancements in order to avoid significant performance degradation. There are lots of potential enhancements for different collision issues based on companies’ contributions in RAN1#116-bis. Considering the TU constraint, we suggest to prioritize the design of the collision rule of Case 3 and Case 4, and use one solution as a baseline to reduce specification impact.
Proposal 1: The design of the collision rule of Case 3 and Case 4 should be prioritized.
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Enhancing the TA report may be a potential solution for solving collision cases. At least the following potential solutions can be considered:
· Potential Solution 1: Support smaller granularity of the TA report (e.g., symbol(s) duration).
· Potential Solution 2: UE reports additional information to gNB (e.g., UE’s position, TA drift).
Proposal 2: At least the following two potential solutions can be considered for collision cases. 
· Potential Solution 1: Support smaller granularity of the TA report (e.g., symbol(s) duration).
· Potential Solution 2: UE reports additional information to gNB (e.g., UE’s position, TA drift).
Potential Solution 1 will introduce more signalling overhead mainly when TA granularity becomes smaller; too frequent TA reports are not preferable from the perspective of resource efficiency. Thus, the granularity of the TA report may need to be further considered. 
For Potential Solution 2, the report trigger should be further discussed. In clause 5.4.8 of TS38.321, a Timing Advance report (TAR) will be triggered if any of the following events occur, which can be a reference for Potential Solution 2. 
The Timing Advance reporting procedure is used in a non-terrestrial network or an air to ground network to provide the gNB with an estimate of the UE's Timing Advance value (i.e., TTA as defined in the UE's TA formula, see TS 38.211 [8] clause 4.3.1).
RRC controls Timing Advance reporting by configuring the following parameters:
-	offsetThresholdTA;
-	timingAdvanceSR.
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.

Proposal 3: The granularity of the TA report and UE additional information reports trigger should be further discussed.

According to the agreements in the RAN1 #116 meeting, both GSO and Non-GSO should be considered. Due to satellite movement, the NGSO scenario will have higher dynamics in the timing advance domain than GSO, while the GSO case would experience large values for the RTT. Considering the difference between GSO and NGSO, the solutions with high priority may be different.
More specifically, because of the movement in NGSO, the probability of TA mismatch between the actual TA used by the UE and the assumed TA for the UE at the gNB may be larger than GSO. To avoid the occurrence of collision cases, more frequent TA report or additional information report may be necessary. However, due to the long RTT in the GSO scenario, UE may report TA with smaller granularity in GSO when there is no TA mismatch and then cause resource waste. Thus, Potential Solution 2 may perform better and should be prioritized in the GSO scenario.
Proposal 4: Support Potential Solution 1 in NGSO, while support Potential Solution 2 in GSO.

Conclusions
In this contribution, we discuss the HD-FDD RedCap UE with NR NTN operating in FR1-NTN bands and have the following proposals:
Proposal 1: The design of the collision rule of Case 3 and Case 4 should be prioritized.
Proposal 2: At least the following two potential solutions can be considered for collision cases. The granularity of the TA report and UE additional information reports trigger should be further discussed.
· Potential Solution 1: Support smaller granularity of the TA report (e.g., symbol(s) duration).
· Potential Solution 2: UE reports additional information to gNB (e.g., UE’s position, TA drift).
Proposal 3: The granularity of the TA report and UE additional information reports trigger should be further discussed.
Proposal 4:Support Potential Solution 1 in NGSO, while support Potential Solution 2 in GSO.
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