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[bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
In RAN#103, the revised Rel-19 WID “Non-Terrestrial Networks (NTN) for NR Phase 3” has been approved with the following objective [1]:
	[bookmark: _Hlk162337264]4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
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 RAN1#116 meeting, the following agreements were obtained [2].
	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.



Discussion on DL and UL collision rules
The following DL and UL overlapping and back-to-back non-overlapping cases were identified in RAN1#104e [4] and the following respective handling rules were captured in clause 17.2 of TS38.213 [4] assuming a TN. For HD-FDD operating in TN, the collision rules are listed in the following table.
Table 1 DL/UL collision cases and HD-UE behaviour with NR TN operating [3]
	Case
	DL
	UL
	UE behaviour

	1
	Dynamically scheduled DL reception
	Semi-statically configured UL transmission
	DL reception, with UL cancellation timeline

	2
	Semi-statically configured DL reception
	Dynamically scheduled UL transmission
	UL transmission

	3
	Semi-statically configured DL reception
	Semi-statically configured UL transmission  
	Error case

	4
	Dynamically scheduled DL reception
	Dynamic scheduled UL transmission
	Error case

	5
	Configured SSB
	Dynamically scheduled or configured UL transmission
	Prioritize SSB receiving

	6
	Dynamic or semi-static DL
	Valid RO
	up to UE implementation

	7
	Collision due to direction switching

	7-1
	Configured SSB
	PUSCH, or PUCCH, or SRS configured by higher layers
	Prioritize SSB receiving

	7-2
	Configured SSB
	PRACH or MsgA PUSCH triggered by higher layers
	up to UE implementation

	7-3
	PDCCH, or a PDSCH, or a CSI-RS, or a DL PRS configured by higher layers
	PRACH or MsgA PUSCH triggered by higher layers
	up to UE implementation


For the impact of UE TA auto compensation to the collision cases of HD-FDD redcap, except for Case 3 and 4, all other cases have collision rules to drop one or up to UE implementation. These UE behaviours can be reuse for NTN redcap.  
Observation 1: For HD-FDD RedCap/eRedCap UEs with NR NTN operating, UE behaviours for all the cases except for case 3 and 4 can be reused.
It is worth mentioning that TA misalignment is not considered for a HD-UE when determining whether there is any collision between DL and UL transmissions for the above cases, according to the conclusion made in RAN1#104bis-e.
	[bookmark: OLE_LINK2][bookmark: OLE_LINK3]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. 


In NTN the TA value in UE side has two parts, one part provided by network, another part estimated by the UE itself [3]. Current spec supports the TA reporting from the UE to network. But the gNB can not obtain accurate TA used by UE, due to the current granularity of 1ms reported TA and the TA reported by the UE oudated quickly for the movement of the satellite. In NW side, there is an uncertainty of 1 ms about the actual TA of a UE even with TA report in time. The impact of TA misalignment in NR-NTN is much greater than that in NR-TN. So the impact of TA misalignment should be considered in UL and DL collision handling for HD-FDD UE with NTN operating.
Observation 2: TA misalignment between gNB and UE may be very large which may lead to large loss of system throughput in NTN.
Proposal 1: Enhanced TA report mechanism should be studied in R19 NTN.
Collision case 3 and case 4 are treated as error case in which gNB scheduling is restricted to avoid the collisions. If handling rules in TN is reused, large transmission guard time is needed between UL/DL transmission in gNB side. This means large loss of throughput when frequent DL/UL switching is needed in case 3 and case 4. So UE behavior should be specified in collision case 3 and case 4.
Proposal 2: Specify HD-FDD UE behavior in collision case 3 and case 4 in NR-NTN.
In NR NTN, a UE needs to read SIB19 from time to time to keep ephemeris up to date. It’s up to UE’s implementation to decide when to read SIB19, based on the ntn-UlSyncValidityDuration and the last time the UE acquired SIB19. Because SIB19 is broadcasted periodically and there are many SIB19 transmissions during an ephemeris validity duration, the UE has plenty of opportunities to read SIB19. For a HD-FDD UE, avoiding UL transmissions during all SIB19 transmissions is not desirable for it will lead to loss of UE’s UL throughput and may downgrade some of the UL services to half-duplex UEs. 
Proposal 3: The HD-FDD UE can select based on its implementation whether to either transmit UL signal/channel or receive SIB19.
For HD-FDD UE, the UE determines  slots for a PUSCH transmission of a PUSCH repetition type A scheduled by DCI when AvailableSlotCounting is enabled, or for a PUSCH transmission of TB processing over multiple slots scheduled by DCI format. A slot is not counted in the number of  slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot does not start or end at least  or , respectively, from the last or first symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst. A slot that has at least one invalid symbol is not counted as the duration of a SSB with TX to RX and RX to TX switching times on the two sides in the UL, which is unknown to gNB in NTN due to unknown accurate UE TA. In case when AvailableSlotCounting is not enabled, there is no issue since the SSB location is not considered in this setting. 
Observation 3: When AvailableSlotCounting is not enabled, there is no issue when UL repetition or TBoMS transmissions colliding with SSB reception.
Discussion on invalid symbol determination for PUSCH repetition type B
PUSCH repetition type B was introduced in eURLLC work item in Rel-16. The propagation delays in terrestrial mobile systems are usually less than 1 ms. In contrast, the propagation delays in NTN are much longer, ranging from several milliseconds to hundreds of milliseconds depending on the altitudes of the spaceborne or airborne platforms and payload type in NTN. The URLLC service can not be provided by NTN usually. It has no practical meaning to support PUSCH repetition type B in NTN.
Observation 4: Supporting PUSCH repetition type B for HD-FDD UE in NTN is unnecessary.
Proposal 4: Deprioritize the normative work for supporting PUSCH repetition type B for HD-FDD UE in NTN.
Conclusion
In this contribution, we provide our views on NR-NTN downlink coverage enhancement with the following observations and proposals:
Observation 1: For HD-FDD RedCap/eRedCap UEs with NR NTN operating, UE behaviours for all the cases except for case 3 and 4 can be reused.
Observation 2: TA misalignment between gNB and UE may be very large which may lead to large loss of system throughput in NTN.
Observation 3: When AvailableSlotCounting is not enabled, there is no issue when UL repetition or TBoMS transmissions colliding with SSB reception.
Observation 4: Supporting PUSCH repetition type B for HD-FDD UE in NTN is unnecessary.
Proposal 1: Enhanced TA report mechanism should be studied in R19 NTN.
Proposal 2: Specify HD-FDD UE behavior in collision case 3 and case 4 in NR-NTN.
Proposal 3: The HD-FDD UE can select based on its implementation whether to either transmit UL signal/channel or receive SIB19.
Proposal 4: Deprioritize the normative work for supporting PUSCH repetition type B for HD-FDD UE in NTN.
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