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1. [bookmark: _Toc120549591][bookmark: _Hlk521259925]Introduction
In the RAN#102 meeting, new WI of Non-Terrestrial Networks (NTN) for NR Phase 3 was set up. It was discussed how to support Rel-17 RedCap and Rel-18 eRedCap UEs with NR NTN operating in FR1-NTN bands. One of the objectives is to check whether any essential changes are needed for the support of HD-FDD Redcap UEs and eRedCap UEs.

	
1. 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 provide our views on the potential collision issues which may happen of HD-FDD (e)RedCap UEs. 

2. Discussion

In Rel-17, the collision issue of HD-FDD RedCap UEs was discussed and rules were defined. A few cases have been discussed as below.

Case 1: dynamically scheduled DL reception vs. semi-statically configured UL transmission

For Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission), reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum. 

Case 2: semi-statically configured DL reception vs. dynamically scheduled UL transmission

For Case 2 (semi-statically configured DL reception vs. dynamically scheduled UL transmission), reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier/single cell in unpaired spectrum
· The semi-statically configured DL reception may include PDCCH (excluding ULCI), SPS PDSCH, CSI-RS or PRS. 
· The dynamically scheduled UL transmission may include PUSCH, PUCCH, SRS or PRACH triggered by PDCCH order

Case 3: semi-statically configured DL reception vs. semi-statically configured UL transmission

For Case 3, semi-statically configured DL reception vs. semi-statically configured UL transmission
· A HD-FDD UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception in the set of symbols of the slot
· A HD-FDD UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and cell specific higher layer parameters configuring reception in the set of symbols of the slot
· Cell-specifically configured DL reception refers to PDCCH in Type-0/0A/1/2 CSS set

Case 4: dynamically scheduled DL reception vs. dynamic scheduled UL transmission

For Case 4: dynamically scheduled DL reception vs. dynamic scheduled UL transmission, reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum
· That is, it is considered as an error case if a dynamically scheduled DL reception overlaps with a dynamically scheduled UL transmission

Case 5A: SSB overlaps with in configured UL transmission

[bookmark: _Hlk157670387]For Case 5 of SSB overlaps with in configured UL transmission, re-use the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over configured UL transmission
· The configured UL transmission includes CG-PUSCH, or SRS
· For Case 5 of SSB overlaps with configured UL transmission, the configured UL transmission includes PUCCH transmission configured by higher layers

Case 5B: dynamically scheduled UL transmission vs. SSB

[bookmark: _Hlk157670851]For Case 5 of dynamically scheduled UL transmission vs. SSB, support Option 2 at least for dynamically scheduled UL transmission other than Msg3 (re)transmission and PUCCH for Msg4
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamically scheduled UL transmission
For Case 5 of SSB overlapping with Msg3 (re)transmission or PUCCH for Msg4/MsgB, reuse the same handling as for other dynamically scheduled UL transmission and prioritize the SSB

Case 8: valid RO overlapping with configured and dynamically scheduled DL reception

· For Type-A HD-FDD UEs, all ROs applicable to RedCap UEs are valid, and for the case of SSB overlapping with valid RO from cell specific point of view, leave it to UE implementation whether to receive SSB or transmit PRACH
· [bookmark: _Hlk157688116]For Case 8 of valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set, leave it to UE implementation whether to receive configured PDCCH or transmit PRACH
· For Case 8 of valid RO overlapping with UE-dedicated configured DL reception (e.g. PDCCH in USS, SPS PDSCH, CSI-RS or DL PRS), leave it to UE implementation whether to receive the DL or transmit PRACH
· For Case 8 of valid RO overlapping with dynamically scheduled DL reception, leave it to UE implementation whether to receive the dynamically scheduled DL or transmit PRACH
· For MsgA PUSCH occasion overlapping with dynamic or semi-static DL reception, leave it to UE implementation to prioritize the DL reception or MsgA PUSCH transmission

Case 9: 

· For the case of the “back-to-back” non-overlapping UL/DL without sufficient gap between cell specific configured DL and cell-specific configured UL, e.g., SSB or PDCCH in CSS vs. valid RO, it is up to UE implementation to ensure that the switching time is satisfied.
· The “back-to-back” non-overlapping UL/DL without sufficient gap between cell-specific configured DL and dedicated configured UL may happen, i.e., allowed for HD-FDD UEs
· E.g., SSB vs. CG PUSCH, PUCCH or SRS
· Configured UL transmission is cancelled (as in the overlapping case)
· The “back-to-back” non-overlapping UL/DL without sufficient gap between dedicated configured DL and cell-specific configured UL may happen, i.e., allowed for HD-FDD UEs
· E.g., PDCCH in USS, SPS PDSCH, CSI-RS or DL PRS vs. valid RO
· Leave it to UE implementation to cancel either DL reception or UL transmission to ensure sufficient switching time
· For HD-FDD, reuse the same principle as Rel-15/16 UE not capable of full-duplex communication
· A HD-FDD UE is not expected to transmit in the uplink earlier than [NRX-TX Tc] after the end of the last received downlink symbol in the same cell
· A HD-FDD UE is not expected to receive in the downlink earlier than[NTX-RX Tc] after the end of the last transmitted uplink symbol in the same cell

The collision rule for HD-FDD Redcap UE covers almost all the cases. The collision rule in Rel-17 for HD-FDD Redcap UE can be a starting point for solving the HD-FDD collision issue of the Rel-19 HD-FDD Redcap UE in NTN. 

Proposal 1:
The collision rule in Rel-17 for HD-FDD Redcap UE can be a starting point for solving the HD-FDD collision issue in the Rel-19 HD-FDD Redcap UE in NTN.

In the NTN scenario, it has some specific issues which is different from that in 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 location. 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

[image: 手机屏幕截图

描述已自动生成]
Figure 2 UE side timing when elevation angle is 30 degrees

[image: 手机屏幕截图

描述已自动生成]
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. 

The HD-FDD collision rule in Rel-17 would work in the terrestrial network, since the propagation delay and TA is relatively small. Even the propagation delay changes, it will not impact the overlapped uplink and downlink slot. The gNB can have the knowledge that at what time the dynamic scheduling of either uplink or downlink would collide with the configured reception or transmissions. Based on the knowledge, the gNB can make the decision that whether a transmission can be scheduled and override the original configured transmissions or receptions. Without the knowledge when will the collision happens at the UE side, the gNB does not know which transmission is more important and cannot decide whether a dynamic transmission should be scheduled. 

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, 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. 

On the other hand, it is an error case for the terrestrial network when a configured uplink transmission collides with a configured DL reception at UE side, as mentioned in the Case 3 above. Since the propagation delay and the overlapped slots are relatively stable at the UE side in terrestrial network. Once the semi-static transmission and receptions are configured, they will not collide. But it is not the case in NTN. Since the overlapped slots would change according to the satellite’s location, it may happen that the configured semi-static UL transmission would collide with the configured semi-static receptions at the UE side. 

Observation 4:
It may happen that the configured UL transmissions would collide with the configured DL receptions, due to the change of the overlapped uplink and downlink slots.

In summary, two issues are observed for the HD-FDD Redcap UEs in the FR1-NTN. One is that, without the knowledge of the propagation delay or TA, the gNB does not know the exact overlapped uplink slots and the downlink slots. Without that knowledge, the gNB cannot be aware of whether there will be a collision happened at the UE side, and cannot decide which transmission is more important and make a decision for the scheduling. A second issue is that, since the overlapped uplink slots and downlink slots would change according to the satellite location, it is hard to guarantee that a configured UL transmission would not collide with a configured DL reception at the UE side. 

Observation 5:
Two issues about potential collisions are observed for the HD-FDD Redcap UEs in the FR1-NTN. 
· Without the knowledge of the propagation delay or TA, it is hard for gNB to schedule a transmission since it is not aware of whether there will be a collision at the UE side. 
· Since the overlapped uplink slots and downlink slots will change according to the location of the satellite, it is also possible that the configured transmissions would also collide with the configured receptions 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 the 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 6:
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. 

Proposal 1:
It is proposed to discuss the potential collision issues of HD-FDD Redcap UEs in the FR1-NTN 
· Without the knowledge of the propagation delay or TA, it is hard for gNB to schedule a transmission since it is not aware of whether there will be a collision at the UE side. 
· Since the overlapped uplink slots and downlink slots will change according to the location of the satellite, it is also possible that the configured transmissions would also collide with the configured receptions at the UE side. 

3. Conclusions
In this contribution, we provide our views on the potential collision issues which may happen of HD-FDD (e)RedCap UEs. 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, 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. 

Observation 4:
It may happen that the configured UL transmissions would collide with the configured DL receptions, due to the change of the overlapped uplink and downlink slots.

Observation 5:
Two issues about potential collisions are observed for the HD-FDD Redcap UEs in the FR1-NTN. 
· Without the knowledge of the propagation delay or TA, it is hard for gNB to schedule a transmission since it is not aware of whether there will be a collision at the UE side. 
· Since the overlapped uplink slots and downlink slots will change according to the location of the satellite, it is also possible that the configured transmissions would also collide with the configured receptions at the UE side. 

Observation 6:
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. 

Proposal 1:
The collision rule in Rel-17 for HD-FDD Redcap UE can be a starting point for solving the HD-FDD collision issue in the Rel-19 HD-FDD Redcap UE in NTN.

Proposal 2:
It is proposed to discuss the potential collision issues of HD-FDD Redcap UEs in the FR1-NTN 
· Without the knowledge of the propagation delay or TA, it is hard for gNB to schedule a transmission since it is not aware of whether there will be a collision at the UE side. 
· Since the overlapped uplink slots and downlink slots will change according to the location of the satellite, it is also possible that the configured transmissions would also collide with the configured receptions at the UE side. 
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