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Introduction

In the RAN plenary #102 meeting, the Rel-19 NTN evolution work item was approved [1]. The working scope related to support of (e)Redcap UE over NTN is depicted 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 this contribution, we present the discussion on the potential RAN1 impact to support (e)Redcap UEs with NR NTN operating in FR1-NTN bands.

Discussion
A half-duplex UE (HD-UE) in paired spectrum is not capable of simultaneous transmissions and receptions on a serving cell with paired spectrum. The collision issues between DL semi-static configured or dynamic scheduled transmissions and UL semi-static configured or dynamic scheduled transmissions should be resolved. Five collision cases were considered in Rel-17 Redcap as follows [2]:
· Case 1: semi-static configured DL and semi-static configured UL
For this case, the collision issue is basically resolved by relying on the gNB’s implementation. A HD-UE does not expect to receive both dedicated higher layer parameters configuring transmission in a set of symbols and dedicated higher layer parameters configuring reception in the set of symbols.

· Case 2: dynamic scheduled DL and dynamic scheduled UL
For this case, the collision issue is also resolved by relying on the gNB’s implementation. It is specified that “A HD-UE does not expect to detect a DCI format scheduling a reception in a set of symbols and detect a DCI format scheduling a transmission in any symbol from the set of symbols.”

· Case 3: dynamic scheduled transmission and semi-static configured transmission
For this case, the collision rule is defined following the NR Rel-15 TDD design.
When the dynamic scheduled transmission is an UL transmission while the semi-static configured transmission is an DL transmission, the UE should perform UL transmission if collision happens on at least one symbol of the set of symbols.
When the dynamic scheduled transmission is an DL transmission while the semi-static configured transmission is an UL transmission, the UE should decide the transmission based on the UE capability and the gap between the DL transmission and UL transmission as specified.

· Case 4: SSB and semi-static configured/dynamic scheduled transmission
For this case, the collision rule is also defined in the spec. 
The UE should decide the transmission based on the UE capability and the gap between the SSB and configured UL transmission.
The UE does not perform UL transmissions dynamically scheduled by an DCI if a transmission would overlap with any symbol from the set of symbols.

· Case 5: PRACH/MSG A PUSCH and semi-static configured/dynamic scheduled DL/SSB
For this case, the UE should decide the transmission by implementation.


The UE shall have capability to follow the frame timing change of the reference cell in connected state. In the NTN scenario, the UE should perform the UL TA pre-compensation due to the large propagation delay between the UE and the UL synchronization point. The UE initial transmission timing error shall be less than or equal to Te_NTN where the timing error limit value Te_NTN is specified in [3]:

Table 1: Te Timing Error Limit [3]
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN
	Te

	1
	15
	15
	29*64*Tc
	12*64*Tc

	
	
	30
	24*64*Tc
	10*64*Tc

	
	
	60
	N/A
	10*64*Tc

	
	30
	15
	24*64*Tc
	8*64*Tc

	
	
	30
	22*64*Tc
	8*64*Tc

	
	
	60
	N/A
	7*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211
	



One issue raised in the NTN scenario is that there might be large mis-alignment between the actual DL timing and UL timing at the UE side. Meanwhile, due to the movement of the satellite, the TA applied at the UE side is timely varying which cannot be timely tracked by the gNB. However, the DL/UL timing is aligned at the UL synchronization point for an NTN UE as long as the defined Te requirement is satisfied as illustrated in the figure below.
[image: ]
Figure 1: Illustration of DL/UL timing
Now looking at the five collision cases under NTN scenario. For case 3, 4 and 5, the UE behaviours for handling the collision cases are clearly defined which can be reused. For case 1 and 2, the collision issue can be resolved by either gNB’s implementation or defining additional rule. It is preferred to relying on the gNB’s implementation as the service over the NTN scenario is typically delay-tolerate. 
Observation 1: For case 3, 4 and 5, the UE behaviours for handling the collision cases defined in the spec can be reused.
Observation 2: For case 1 and 2, the collision issue can be handled by the gNB’s implementation.

Proposal 1: Normative work may not be needed for supporting HD-FDD operation of the Redcap in NTN scenario.

Conclusions
In this contribution, we discuss the potential collision issues to support the HD-FDD Redcap in the NTN scenario. Based on our analysis, we have the following observations and proposal:
Observation 1: For case 3, 4 and 5, the UE behaviours for handling the collision cases defined in the spec can be reused.
Observation 2: For case 1 and 2, the collision issue can be handled by the gNB’s implementation.

Proposal 1: Normative work may not be needed for supporting HD-FDD operation of the Redcap in NTN scenario.
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