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Introduction

In the RAN1 116th meeting, the following agreements were made on the support of (e)Redcap UE for NTN operating on FR1 bands [1]:
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, 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. Seven collision cases were considered in Rel-17 Redcap as follows [2]:
· Case 1: Dynamically scheduled DL reception collides with semi-statically configured UL transmission
For this case, the collision rule is defined following the NR Rel-15 TDD design.
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 2: Semi-statically configured DL reception collides with dynamically scheduled UL 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.

· Case 3: Semi-statically configured DL reception collides with semi-statically configured UL transmission
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 4: Dynamically scheduled DL reception collides with dynamic scheduled UL transmission
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 5: Configured SSB collides with dynamically scheduled or configured UL 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 6: Dynamic or semi-static DL collides with valid RO
For this case, the UE should decide the transmission by implementation.

· Case 7: Collision due to direction switching

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 seven collision cases under NTN scenario. For case 1, 2, 5, 6 and 7, the UE behaviours for handling the collision cases are clearly defined which can be reused. 
Observation 1: The UE behaviours for handling the collision cases 1, 2, 5, 6 and 7 defined in the existing spec can be reused
For the case 3 and 4, UE would treat them as error cases in the legacy design and the gNB can handle the collision cases by implementation. However, this needs further assessment due to the TA mismatch between actual TA used by UE and assumed TA at the gNB. The collision issue can be resolved by either gNB’s implementation or defining additional rule. In the legacy design, the UE’s TA reporting is optionally supported to assist the gNB to make configuration/scheduling decisions. It is specified in [4]:Section 5.4.8	Timing Advance Reporting
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.



The value range for “offsetThresholdTA” can be configured from 0.5ms to 15ms as specified in [5] which means that the TA mismatch value between actual TA used by UE and assumed TA at the gNB is expected to be less than 15ms. Even when the TA reporting is not supported, the TA mismatch value should be less than 10.3ms [6]. Thus, it is slightly preferred to relying on the gNB’s implementation as the service over the NTN scenario is typically delay-tolerate. 
Proposal 1: It is slightly preferred to relying on the gNB’s implementation to handle the collision case 3 and 4.

· SIB19 reception collides with UL transmission 
An NTN UE needs to read SIB19 to maintain a valid ephemeris information. It’s up to UE’s implementation to decide when to read SIB19, based on the ephemeris validity and the last time the UE acquired SIB19. It is argued that UE may miss the opportunities to read SIB19 due to the collision between the DL and UL transmissions. However, the validity duration can be configured with a value of up to 900 seconds. Meanwhile, the gNB and UE should have the common understanding on when the NTN assistance information might expire. It can be up to the gNB’s control to guarantee that the UE should be able to find the opportunity to re-acquire the SIB19.
Observation 2: No enhancement is needed to handle the SIB19 reception collides with UL transmission.
· Slot counting for UL repetition transmission colliding with SSB reception
Another issue is when the slot counting is enabled for a type A PUSCH repetition, 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. However, the gNB is not aware of the actual TA applied at the UE side, and thus, the available slot used for the PUSCH transmission is ambiguous. Several alternatives can be considered such as to define additional rule to determine the available slot or to rely on the gNB’s implementation. Further study is needed to handle this collision issue.
Proposal 2: Enhancement may be needed to handle the available slot counting issue for UL repetition transmission colliding with SSB reception
· Invalid symbol determination for PUSCH repetition type B
[bookmark: _Hlk163033509]Another issue is the invalid symbol determination for PUSCH repetition type B. The symbols collide with the SSB considering the Tx-Rx/Rx-Tx switching time are considered as the invalid symbols. Similarly, the gNB is not aware of the actual TA applied at the UE side and the TA is reported with a ms level granularity, and thus, the invalid symbols determined the PUSCH transmission is ambiguous. Further study is needed to handle this case.
Proposal 3: Enhancement may be needed to handle the invalid symbol determination for PUSCH repetition type B

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: The UE behaviours for handling the collision cases 1, 2, 5, 6 and 7 defined in the existing spec can be reused.
Observation 2: No enhancement is needed to handle the SIB19 reception collides with UL transmission.

Proposal 1: It is slightly preferred to relying on the gNB’s implementation to handle the collision case 3 and 4.
Proposal 2: Enhancement may be needed to handle the available slot counting issue for UL repetition transmission colliding with SSB reception
Proposal 3: Enhancement may be needed to handle the invalid symbol determination for PUSCH repetition type B
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