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In the last RAN1 meetings, progress has been made on the collision issues of HD-FDD Redcap UE in FR1-NTN with the following agreements and observations [1][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.

Observation
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 provide our views on the potential collision issues and handling rules which may happen of HD-FDD (e)RedCap UEs in NTN scenarios. 

Discussion
The TA misalignment in LEO scenario
In the NTN scenario, it has some specific issues when compared to the terrestrial network. In the NTN scenario, a large mis-alignment between UL and DL timing is introduced due to the long propagation delay between the satellite and UE. While the satellite moving, the propagation delay and TA are changing according to different satellite locations. For example, when LEO-600km is used to cover a service area, as illustrated in Figure 1, the initial elevation angle for UE would be 30o . The propagation distance would be 1075km and the propagation delay would be 3.68ms. The corresponding TA is 7.16ms, as in Figure 2. When the satellite is moving at the elevation angle of 90o , the propagation distance is about 600km and 2ms propagation delay is introduced. The corresponding TA would be 4ms, as in Figure 3. 
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Figure 1 An example of NTN coverage in LEO 600km
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Figure 2 UE side timing when elevation angle is 30 degrees
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Figure 3 UE side timing when elevation angle is 90 degrees
Due the change of propagation delay and TA, the overlapped uplink and downlink slots would be different when the satellite are at different locations. 

Observation 1:
The propagation delay or the TA for uplink transmission would be different according to the satellite’s location at the service. The overlapped uplink slots and downlink slots would also be changed according to the satellite’s location. 

Collision issues of HD-FDD Redcap UE in FR1-NTN 
Case 1 and Case 2
It should first solve the issues in the 1st bullet that checking whether existing rules case be reused or updated when taking into account TA mismatch at UE side and gNB side based on available TA report. 

The HD-FDD collision rule in Rel-17 works effectively in the terrestrial network, since the propagation delay and TA is relatively small and will not change in a large scale. Even the propagation delay changes, it will not impact the overlapped parts between uplink and downlink slots significantly. The gNB has the knowledge that at what time the dynamic scheduling of either uplink or downlink would collide with the configured reception or transmissions at the UE side. Based on the knowledge, the gNB can make the decision that whether a dynamic scheduled transmissions (receptions) can override the RRC configured reception (transmissions). Without the knowledge of when will the collision happens at the UE side, it is hard for gNB to decide which transmission is more important and should be prioritized.

Observation 2:
The Rel-17 HD-FDD collision rule works for the terrestrial network, since the gNB has the knowledge that at what time and which transmissions would be collided at the UE side.

Since the propagation delay and TA are changing during the satellite service time, gNB may not have the clear information about the propagation delay and the overlapped time slots at the UE side. Then it is hard for gNB to schedule a transmission for either uplink or downlink, since it may not know whether there will be a collision happened at the UE side. Even if there will be a collision at UE side, it is also helpful for gNB knowing which channels or signals would be collided, and making the decision that whether an override (dynamic transmission over the configured transmission) is necessary. 

Observation 3:
Due to the change of propagation delay while the satellite is moving, it is hard for gNB to schedule a transmission for either uplink or downlink, since it may not know whether there will be a collision happened at the UE side or which two channels/signals would be collided at the UE side. 

In Rel-17, the TA reporting has been supported for two cases. One is that UE will report the TA value during the random access due to RRC connection establishment or RRC connection resume, and during RRC connection reestablishment. The 2nd case is that UE will report the TA when the variation of TA values is equal to or larger than the configured threshold. 

Though TA reporting is supported in the current specification, it can provide gNB with the TA values which facilitate scheduling and avoid the potential collisions. But it also brings new issues, e.g. redundant TA reporting. In the current specification, gNB can configure the UE to report TA based on the offset threshold. But the gNB cannot determine whether the UE has the attempt for either uplink or downlink traffic at the time instance of configuration. If the gNB configured the TA reporting based on the offset threshold, it may happen that UEs which does not have traffic will also report the TA from time to time. This will cause additional power consumption of UE. And it will also occupy the limited resources in NTN uplink. Even the TA offset can be configured in a large value. It will increase the uncertainty for gNB scheduling to avoid the uplink and downlink collision at UE side.

Observation 4:
Current TA reporting mechanism based on TA offset cannot guarantee that only the UE who has the traffic reports the TA to gNB. The TA reporting of UEs without traffic will occupy the uplink transmission resource and consume the UE power. 

As observed in the last RAN1 meeting, for collision cases 1 and 2, 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 [1].

Thus although it can still work at the UE side for Case 1 and Case 2, it is hard for gNB to schedule either an uplink or downlink transmissions. On the other hand, current TA reporting mechanisms would introduce additional uplink overhead since gNB cannot decide whether the UE have the traffic for transmission when it makes the RRC configurations. It should further discuss and solve the TA mismatch issue between actual TA used by the UE and assumed TA for the UE at the gNB for Case 1 and Case 2.

Proposal 1:
For Case 1 and Case 2, without a clear knowledge of the propagation delay or TA, it is hard for gNB to make scheduling decisions. The TA information should be reported to the gNB to facilitate the scheduling to minimize the TA mismatch between gNB and UE.

Case 3
Case 3 is the confliction issue between Semi-statically configured DL reception and semi-statically configured UL transmission. As discussed in the above, in the terrestrial network, the change of TA or the propagation delay will not impact the overlapped slots in the uplink and downlink. The conflictions can be avoided by gNB. Then it is defined as an error case in the current specification. However, this is not the case in the NTN network. 

As observed in the last RAN1 meeting, to avoid the occurrence of error cases 3 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 [1].

Furthermore, as shown in Figure 1-3, the propagation delay and TA will change according to the satellite’s location. And it will impact the overlapped slots between uplink and downlink. The configured DL and UL transmission may not conflict at the time instance when it is configured. But they may conflict at another time instance due to the change of propagation delay. Even with the knowledge of exact TA values of the UE, the confliction issue of configured UL and DL transmission cannot be solved. One way is to solve the collision issue by configuring a gap to prevent the overlapping between configured DL and UL transmission. The other way is to allow the confliction but define a priority rule to determine either the configured DL or UL transmission will happen. 

Observation 5:
To avoid the occurrence of error cases 3 through network scheduling, there are less resources available for a scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN due to the following potential issues.
· When there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB .
· The change of the propagation delay and the change of overlapped slots in NTN when the satellite is moving.

Proposal 2:
To avoid the issue of TA mismatch in Case 3, TA reporting can be used to solve the TA mismatch issue between gNB and UE.

Proposal 3:
To solve the issue of the variation of TA/propagation delay in Case 3, two possible solutions can be considered. One way is to solve the collision issue by configuring a gap to prevent the overlapping between configured DL and UL transmission. The other way is to allow the confliction but define a priority rule to determine either the configured DL or UL transmission will happen.

Case 4
Case 4 is the confliction between dynamically scheduled DL reception and dynamic scheduled UL transmission. As discussed in the section for Case 1 and 2, if the gNB can be aware of the TA or the propagation delay, then the confliction between dynamic scheduled UL and DL transmission can be avoided. But without the knowledge of the actual TA, the conflicts may happen in the NTN scenario. Similar as discussed for Case 1 and 2, if the TA reporting based on the threshold is configured, it will induce the overhead issues for uplink transmission.

Observation 6:
The confliction between dynamic scheduled DL and UL transmission cannot be solved if the gNB is not aware of the actual TA or propagation delay of the UE. 

Proposal 4:
TA reporting should be supported to solve the TA mismatch issue between the gNB and the UE in Case 4.

Case 5 and Case 6
Case 5 is the configured SSB collides with dynamically scheduled or configured UL transmissions. The legacy rule is prioritized the transmission of SSB over the dynamically scheduled or configured UL transmissions. In the NTN scenarios, the SSB is also important for the DL synchronization. Then the same rule can be reused. Case 6 is dynamic or semi-static DL collides with valid RO. According to the existing rules, whether the RO will be used for PRACH transmission depends on UE’s implementation. Since the UE knows that whether it is necessary to transmit a preamble in this occasion other than receiving a DL transmission. If the TA mismatch issue between actual TA used by the UE and assumed TA for the UE at the gNB can be solved, the legacy rules can be reused in this case. For Case 5 and Case 6, the existing rules can still be used in the NTN scenarios. 

Observation 7:
For Case 5 and Case 6, if the TA mismatch issue between actual TA used by the UE and assumed TA for the UE at the gNB can be solved, the existing rules can still be used in the NTN scenarios.

Case 7
Case 7 is the collision issue due to the switching time from DL to UL or UL to DL. Currently the legacy rule only focuses on cases that if the switching time is less than a threshold before or after the reception of SSB and the transmission for PRACH/Msg A. If the switching time is less than a threshold before or after the SSBs, the reception of SSB has the priority. And the UL transmission will not happen. And if the switching time is less than a threshold before or after a transmission of PRACH or Msg A, it will depends on UE’s implementation. Then there is no need to enhance Case 7 in NTN.

Observation 8:
The existing rules can be used for the Case 7.

Proposal 5:
There is no need to further enhance Case 7 in the NTN scenarios. 

Slot counting, invalid symbol and Actual TDW
The slot counting and the invalid symbol would have the same issue that, due to the change of the overlapped slots/symbols, the counting of the available slot and the valid symbols would be changed. And if the gNB and UE have different understanding of the conflicted slots or symbols, then the gNB cannot receive the UL reception properly. It is similar for the case of actual TDW determinations. 

As observed in the last RAN1 meeting, 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 for slot counting, invalid symbol and actual TDW issues. Thus, it should further discuss and solve the TA mismatch issue between actual TA used by the UE and assumed TA for the UE at the gNB for slot counting, invalid symbol and actual TDW issues

Proposal 6: 
It should further discuss and solve the TA mismatch issue between actual TA used by the UE and assumed TA for the UE at the gNB for slot counting, invalid symbol and actual TDW issues.

Potential solutions for TA mismatch issue 
As discussed above, TA mismatch may cause collision ambiguous issue, i.e., gNB and UE may not have the same understanding on whether a DL reception and a UL transmission is overlapped in time domain or not. It should further discuss and solve the TA mismatch issue between actual TA used by the UE and assumed TA for the UE at the gNB for Case 1, 2, 3, 4, 5, 6 and slot counting, invalid symbol and actual TDW issues.
If the determination on whether a DL reception and a UL transmission is overlapped in time domain or not is based on the latest UE reported TA which is known to both gNB and UE, instead of UE’s actual TA, the TA mismatch issue can be avoided. E.g., gNB and UE may first determine a TA region (from  to ) based on the latest UE reported TA () and a GAP () which reflects the TA margin.
· If there is any TA value within the TA region would cause overlapping, then gNB and UE determine the DL reception and the UL transmission is overlapped in time domain.
· Otherwise, if all TA values within the TA region will not cause overlapping, then gNB and UE determine the DL reception and the UL transmission is not overlapped in time domain.

Observation 9:
TA mismatch may cause collision ambiguous issue, i.e., gNB and UE may not have the same understanding on whether a DL reception and a UL transmission is overlapped in time domain or not.

Proposal 7:
To avoid the ambiguity issue caused by TA mismatch, support using the latest UE reported TA to determine whether a DL reception and a UL transmission is overlapped in time domain or not at both gNB and UE. 

Proposal 8: 
To solve TA mismatch issue, the following potential enhancement can be considered:
gNB and UE may first determine a TA region (from  to ) based on the latest UE reported TA () and a GAP () which reflects the variation of the TA. For a given DL reception and a given UL transmission
· If there is any TA value within the TA region would cause overlapping, then gNB and UE determine the DL reception and the UL transmission is overlapped in time domain.
· Otherwise, if all TA values within the TA region will not cause overlapping, then gNB and UE determine the DL reception and the UL transmission is not overlapped in time domain.

Conclusions
In this contribution, we provide our views on the potential collision issues and handling rules which may happen of HD-FDD (e)RedCap UEs in NTN scenarios. The observation and proposal are listed as below. 

Observation 1:
The propagation delay or the TA for uplink transmission would be different according to the satellite’s location at the service. The overlapped uplink slots and downlink slots would also be changed according to the satellite’s location. 

Observation 2:
The Rel-17 HD-FDD collision rule works for the terrestrial network, since the gNB has the knowledge that at what time and which transmissions would be collided at the UE side.

Observation 3:
Due to the change of propagation delay while the satellite is moving, it is hard for gNB to schedule a transmission for either uplink or downlink, since it may not know whether there will be a collision happened at the UE side or which two channels/signals would be collided at the UE side. 

Observation 4:
Current TA reporting mechanism based on TA offset cannot guarantee that only the UE who has the traffic reports the TA to gNB. The TA reporting of UEs without traffic will occupy the uplink transmission resource and consume the UE power. 

Observation 5:
To avoid the occurrence of error cases 3 through network scheduling, there are less resources available for a scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN due to the following potential issues.
· When there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB .
· The change of the propagation delay and the change of overlapped slots in NTN when the satellite is moving.

Observation 6:
The confliction between dynamic scheduled DL and UL transmission cannot be solved if the gNB is not aware of the actual TA or propagation delay of the UE. 

Observation 7:
For Case 5 and Case 6, if the TA mismatch issue between actual TA used by the UE and assumed TA for the UE at the gNB can be solved, the existing rules can still be used in the NTN scenarios.

Observation 8:
The existing rules can be used for the Case 7.

Observation 9:
TA mismatch may cause collision ambiguous issue, i.e., gNB and UE may not have the same understanding on whether a DL reception and a UL transmission is overlapped in time domain or not.

Proposal 1:
For Case 1 and Case 2, without a clear knowledge of the propagation delay or TA, it is hard for gNB to make scheduling decisions. The TA information should be reported to the gNB to facilitate the scheduling to minimize the TA mismatch between gNB and UE.

Proposal 2:
To avoid the issue of TA mismatch in Case 3, TA reporting can be used to solve the TA mismatch issue between gNB and UE.

Proposal 3:
To solve the issue of the variation of TA/propagation delay in Case 3, two possible solutions can be considered. One way is to solve the collision issue by configuring a gap to prevent the overlapping between configured DL and UL transmission. The other way is to allow the confliction but define a priority rule to determine either the configured DL or UL transmission will happen

Proposal 4:
TA reporting should be supported to solve the TA mismatch issue between the gNB and the UE in Case 4.

Proposal 5:
There is no need to further enhance Case 7 in the NTN scenarios. 

Proposal 6: 
It should further discuss and solve the TA mismatch issue between actual TA used by the UE and assumed TA for the UE at the gNB for slot counting, invalid symbol and actual TDW issues.

Proposal 7:
To avoid the ambiguity issue caused by TA mismatch, support using the latest UE reported TA to determine whether a DL reception and a UL transmission is overlapped in time domain or not at both gNB and UE. 

Proposal 8: 
To solve TA mismatch issue, the following potential enhancement can be considered:
gNB and UE may first determine a TA region (from  to ) based on the latest UE reported TA () and a GAP () which reflects the variation of the TA. For a given DL reception and a given UL transmission
· If there is any TA value within the TA region would cause overlapping, then gNB and UE determine the DL reception and the UL transmission is overlapped in time domain.
· Otherwise, if all TA values within the TA region will not cause overlapping, then gNB and UE determine the DL reception and the UL transmission is not overlapped in time domain.
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As captured in TS 38.213 Clause 9.1.2.2, if the UE has not received any PDSCH, the UE does not multiplex HARQ-ACK information in the PUSCH transmission, otherwise the UE generates the Type-1 HARQ-ACK codebook and multiplex it in the PUSCH transmission.

	9.1.2.2		Type-1 HARQ-ACK codebook in physical uplink shared channel
If a UE is provided pdsch-HARQ-ACK-Codebook = 'semi-static' for unicast and/or multicast HARQ-ACK information, and would multiplex HARQ-ACK information in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by a DCI format that does not include a DAI field, then 
-	if the UE has not received any PDSCH providing a transport block having enabled HARQ-ACK information report or SPS PDSCH release or TCI state update that the UE multiplexes corresponding HARQ-ACK information in the PUSCH, based on a value of a respective PDSCH-to-HARQ_feedback timing indicator field in a DCI format scheduling the PDSCH reception or the SPS PDSCH release or the TCI state update, or on the value of dl-DataToUL-ACK or dl-DataToUL-ACK-r16 or dl-DataToUL-ACK-r17 if the PDSCH-to-HARQ_feedback timing indicator field is not present in DCI format 1_1 or DCI format 1_3, or on the value of dl-DataToUL-ACK-DCI-1-2 or dl-DataToUL-ACK-DCI-1-2-r17 if the PDSCH-to-HARQ_feedback timing indicator field is not present in DCI format 1_2, or on the value of dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in DCI format 4_2, in any of the  occasions for candidate PDSCH receptions by a DCI format or SPS PDSCH on any serving cell , as described in clause 9.1.2.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission
-	else the UE generates the HARQ-ACK codebook as described in clause 9.1.2.1, except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH, unless the UE receives only one of
-	a SPS PDSCH release indicated by DCI format 1_0 or by DCI format 4_1, with counter DAI field value of 1, or 
-	SPS PDSCH(s) with transport blocks having enabled HARQ-ACK information report, or 
-	a PDSCH providing a transport block having enabled HARQ-ACK information report and scheduled by a DCI format 1_0 or by DCI format 4_1 with a counter DAI field value of 1, on the PCell 
in the  occasions for candidate PDSCH receptions in which case the UE generates HARQ-ACK information only for the SPS PDSCH release or only for the PDSCH reception as described in clause 9.1.2.
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