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1. Introduction
The Rel-19 NR NTN objectives are provided in [1]. One of the objectives is to study the support of RedCap and eRedCap UEs with NR NTN operating in the FR1-NTN band as following. 
	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 discuss the issue of whether any essential changes are needed to support HD-FDD RedCap UEs and eRedCap UEs in the NTN bands.
2. [bookmark: _Ref47611271][bookmark: _Ref47611245]Discussion
HD-FDD RedCap UEs and eRedCap UEs are not capable of simultaneous transmissions and receptions on a serving cell with the paired spectrum. In the RAN 1 #116 meeting, the following agreement was achieved: 
	Agreement
Study at least the following scenarios for (e)RedCap HD-FDD UEs for NTN:
· [bookmark: OLE_LINK6]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
· [bookmark: OLE_LINK1]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.





2.1. TA mismatch in NTN scenario
As discussed in the previous meeting, the following factors are observed by some companies that may cause TA mismatch. 
Factor 1. TA reporting is not supported by the UE (as it is an optional UE feature).
Low capability UE may not support TA reporting, then, the gNB cannot be aware of the timing advance applied at the UE side. 
Factor 2. The configured TA offset threshold. 
For the UE supports TA reporting, the UE may update the TA due to its location updates or ephemeris information updates. It can report the TA in a UL transmission if the TA is equal to or larger than the configured TA offset threshold. The offset threshold is configured by the higher layer parameter, and the maximum threshold is 15ms. It means that in the worst case, the discrepancy between the actual TA used by UE and the assumed TA for the UE at the gNB based on the available TA report can reach up to 15ms. With this mismatch, the uplink transmission and downlink transmission may collide. 
Factor 3. The granularity of TA reporting is 1 slot with SCS of 15kHz.
The Timing Advance field indicates the least integer number of slots, using subcarrier spacing of 15 kHz, greater than or equal to the Timing Advance value as defined in TS 38.321. It would introduce at most 1ms mismatch due to the quantization of TA reporting. 
Factor 4. The propagation delay of TA report transmission.
The latency of sending TA reports to gNB is caused by the large propagation delay. For example, if LEO with 600km height, 3dB beam width and 60 degree elevation angle is used, the propagation delay for a UE in the center of the cell in the UE-satellite-gNB link can be .
[bookmark: _Ref166251277]Observation 1: The following factors are observed by some companies that may introduce a TA mismatch between the actual TA used by the UE and the assumed TA for the UE at the gNB 
· Factor 1. TA reporting is not supported by the UE 
· Factor 2. The configured TA offset threshold 
· Factor 3. The granularity of TA reporting 
· Factor 4. The propagation delay of TA report transmission. 

2.2. Handling rules for collision cases 1 to Case 7 in NTN
In the RAN1 #116b meeting, the following observations were approved:
	[bookmark: _Hlk165993905]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.


Error cases in Case 3 and Case 4
For collision case 3 and case 4, according to the observation of the previous meeting, if it is up to network scheduling to avoid the occurrence of error cases 3 and 4, 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. As discussed in the previous section, there are four factors may introduce TA mismatch. 
For factor 1 (i.e., reporting is based on UE capability), if a UE does not support TA reporting, the gNB cannot get the actual timing advance from the UE. However, the maximum TA variation can be estimated by the gNB based on the maximum propagation delay and the timing drift caused by the movement of satellite and the movement of the UE. The maximum propagation delay is calculated according to the maximum distance between UE and satellite, and the maximum distance between the satellite and the gNB. For example, the actual TA can include the propagation delay from the reference point (RP) to the gNB, and the propagation delay from the UE to the RP. The first propagation delay is configured by the gNB which is known by the gNB. For the latter one, the gap between the actual propagation delay of UE and the reference value (the UE specific TA offset, i.e., the red one in the figure) cannot be exactly obtained by the gNB, which cause the TA mismatch. However, the maximum differential delay in the cell can be calculated by the gNB, which is the delta between the largest propagation delay from a UE to the RP (i.e., the blue one in the following figure) and the smallest propagation delay from a UE to the RP (i.e., the green one in the following figure). Thus, the gNB can avoid UL/DL collision based on the maximum differential delay. 
Moreover, the timing drift may also cause the TA mismatch. According to TS 38.821, it is derived based on the following formula.

The  is the velocity of the satellite relative to the earth, and c is the velocity of light which is equal to 3*108 m/s. 



Figure 1 An example of propagation delay between UE and gNB/reference point
[bookmark: OLE_LINK7]For a UE in the cell of LEO with 600km height, 3dB beam width and 60 degree elevation angle, the maximum differential delay is 0.04ms, and the timing drift is 23.31 us/s, the propagation delay of the center point is 4.6ms (UE to satellite to gNB in the transparent payload case). The maximum TA variation is roughly equal to 0.04ms+23.31 us/s*4.6ms, which is smaller than 1ms. In the worst case, for a UE in the cell of a GEO, the maximum differential delay is 10.3ms, and the timing drift is 0, so the maximum TA variation is smaller than 11ms. It seems acceptable that the gNB can perform scheduling based on the estimated maximum TA variation to avoid UL and DL collision.
For factor 2 (i.e., the configured TA offset threshold), the TA offset threshold can be configured with a smaller value (e.g., 1ms), and the uncertainty caused by TA mismatch can be smaller. Further, the gNB can guarantee the gap between UL and DL is larger than the threshold by proper configuration and scheduling. In our opinion, the collision probability can be controlled by gNB according to configuration, and data scheduling.  
For factor 3 (i.e., the granularity of TA reporting), the maximum TA mismatch is 1 ms. If smaller granularity is introduced for TA report, at most 1ms resource can be used by the UE in a switching duration.  The benefit of the enhancement is limited. Anyway, the gNB is possible to reserve 1ms resource to avoid collision.
[bookmark: OLE_LINK5]For factor 4 (i.e., The propagation delay of TA report), the difference between the actual TA and the reported TA value can be calculated by timing drift and the propagation delay. The timing drift is equal to 23.31 us/s. Therefore, the TA mismatch caused by propagation delay is 23.31 us/s*4.6ms = 0.1107226us. It can be covered by CP which is 4.7us with 15kH. In this case, the difference would not introduce symbol and slot level mismatch.  
[bookmark: _Ref166251073]Observation 2: If TA report is not supported by the UE, the maximum TA variation can be estimated by the gNB based on maximum differential delay and the timing drift. The maximum differential delay in the cell can be calculated by the gNB, and the timing drift is caused by the movement of satellite and the movement of the UE.  The gNB can perform scheduling based on the estimated maximum TA variation to avoid UL and DL collision.
[bookmark: _Ref166251076]Observation 3: If TA report is supported by a UE, the maximum TA mismatch caused by factor 2 can be controlled by the configuration of gNB. The TA mismatch is at most 1ms caused by factor 3, if smaller granularity is introduced, the benefit of the enhancement is limited. The TA mismatch caused by factor 4 can be covered by CP.
For Case 4, the collision between dynamic DL and UL transmissions in TN is defined as an error case, assuming that the gNB scheduler can properly handle any TA mismatching. As analyzed above, this principle can still be reused in NTN. The gNB can acquire the UE’s TA by TA reporting, or estimate the range of TA based on the maximum distances and the timing drift.  Further, as discussed above, the maximum uncertainty caused by TA mismatch can be obtained by gNB, and the TA offset threshold is controlled by the gNB, so the gNB can always ensure no collision between dynamic UL and DL by taking into account the maximum uncertainty. The gNB is even possible to manually trigger a TA report, e.g., by configuring the threshold, or by retuning the TA to exceed the TA offset threshold. Therefore, the rule in TN can be reused in NTN. 
For Case 3, the collision between configured DL and UL in TN is defined as an error case. Similar to case 4, it seems this handling rule can still be reused in NTN with a smart scheduler. 
It is worth noting that, even though there are less resources available for a scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN, the gNB anyway can schedule another UE’s transmission during the reserved guard period as illustrated in Figure 2. Therefore, from the system perspective, the performance would not decrease. Alternatively, the gNB can configure a small TA reporting threshold, so that it can mitigate the HD-FDD UE’s throughout loss with the cost of potentially higher UL TA reporting overhead. Nevertheless, the current specification already enables the gNB to tradeoff the UE throughput loss and UL reporting overhead by implementation. 
On the other hand, even if the existing handling rules are updated, e.g., by dropping either DL or UL transmission for Case 3 and 4, the performance loss may not be avoided. Given that the gNB anyway does not know the precise actual UL TA of the UE, it can only use a try & error mechanism, i.e., scheduling the UL and DL transmissions as before and then rescheduling the dropped one (by detecting the PUSCH or HARQ feedback if enabled). Thus, the performance loss would be inevitable given the increased retransmissions.
[bookmark: _Ref162993617]Observation 4: For Case 3 and Case 4, the collision issue caused by TA mismatch between gNB and UE can be handled by the gNB’s implementation, trading off between the UE throughput loss and UL reporting overhead. Even if the existing handling rules are updated, the performance loss would be inevitable given the increased retransmissions. 
In the current specification, the granularity of UE FG of RedCap/eRedCap is per UE, and the granularity of UE FG of half-duplex and NTN is per band. A HD RedCap UE can simply indicate that it is capable of operating in NTN, by reported the (Rel-17/18) Half-duplex FG and (Rel-17/18) NTN FGs on an NTN band. In other words, from specification and signaling perspective, the HD RedCap/eRedCap UE is already supported in NR-NTN. The existing collision rules defined in half-duplex, especially for case 3 and case 4, can and should be applied. The gNB anyway should support such kind of UEs taking into account the case 3 and case 4 handling rule in the scheduling.
[bookmark: _Ref166251088]Observation 5: The current specification already supports a RedCap/eRedCap UE with R17/18 HD and R17/18 NR-NTN capabilities to operate in an NTN band. The gNB anyway should handle such kind of UEs based on the existing case 3 and case 4 handling rule. 
Nevertheless, although the gNB can handle these issues as discussed above, it is observed by RAN1 that there may be a loss of DL/UL transmissions of a UE due to reduced resources. Further enhancement can be considered for the HD RedCap/eRedCap UE, potentially with higher capability, that intends to strive for better performance. However, any potential enhancements should not require significant specification change, as well as large UE implementation complexity.
[bookmark: _Ref166251116]Proposal 1: If additional enhancement is considered to improve the performance of HD RedCap/eRedCap UE potentially with higher capability, it should not require significant specification change, as well as large UE implementation complexity.



[bookmark: _Ref158105426]Figure 2 An example of Case 3 in NTN

Handling rules for Case 1, Case 2, Case 5 to Case 7
For collision Cases 1, 2, 5, and 6, according to the observation of the previous meeting, less resources may be available if gNB attempts to avoid the collision. Nonetheless, the gNB is not required to always avoid the collision. Whenever the collision happens, the UE can handle the collision according to the existing handling rule as in the TN case. The number of available resources has not decreased compared to TN. There would be a loss of DL or UL transmission due to DL or UL cancellation according to the collision handling rule, which can be recovered by retransmission as in TN. 
For Case 7, the collision due to direction switching can be up to gNB implementation as in TN. It is similar to Cases 1, 2, 5, and 6. When the gap between UL and DL is smaller than the direction switching duration, UL or DL would be canceled. The available resource is not decreased compared to TN and the handling of canceled UL/DL transmission can be up to implementation.
[bookmark: _Ref162993607][bookmark: _Ref166251092]Observation 6: For Case 1, Case 2, and Case 5 to Case 7, if gNB does not attempt to avoid the collision, the collision handling rule defined in TN can be reused in NTN, and the number of available resources is not decreased compared to TN. The packet loss of DL or UL transmission can be recovered by retransmission.

2.3. Potential new collision cases in NTN
In the RAN1 #116 meeting, the following new cases between DL reception and UL transmission were proposed for further study. And in RAN1 #116b meeting, the following associated observation is achieved:
	Observation
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]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.



Issues related to PUSCH repetition
· Slot counting for UL repetition transmission colliding with SSB reception
If the UE performs slot counting based on the actual timeline of UE and the configured SSB occasions, as illustrated in the following figure, the duration of the PUSCH transmission would be extended. The gNB can use a large window to receive the PUSCH transmission. If the RV is not the same for all the PUSCH repetitions, the gNB would receive a PUSCH with an RV, which may be different from the RV assumed by the gNB. Then, the PUSCH cannot combined in the HARQ entity. That would degrade the BLER performance. However, if the RV is fixed as 0 for all the repetitions, the gNB can decode and combine the PUSCH repetition, and the BLER degradation would not be large. 



Figure 3 An example of Slot counting based on the available slot
Regarding the available slot counting for half-duplex UE in NTN, the slot counting is always based on the physical slot. The duration of the PUSCH transmission would be aligned in the gNB and the UE. The physical slot of the UL transmission between the understanding of gNB and that of UE is aligned. If the gNB always perform monitor and blind detection in the reception window, the BLER performance would not degrade.



Figure 4 An example of Slot counting based on physical slot
[bookmark: _Ref162993633][bookmark: _Ref166251095]Observation 7: When available slot counting is used, if the RV is configured as zero for all the UL repetitions, the BLER performance would not degrade much. When physical slot counting is used, the duration of the PUSCH transmission and RV are aligned between gNB and UE, the BLER performance would not degrade.

· Invalid symbol determination for PUSCH repetition type B
Considering that all SSBs are transmitted in a set of continuous slots (e.g., 5ms in a period of 20ms), there would not be sufficient resources for PUSCH repetition transmission in the slots including SSB. Therefore, the gNB will not schedule the PUSCH repetition in the SSB slot. Besides, the TA including the maximum pre-compensate UE TA (i.e., the configured reported TA threshold) is known by the gNB. Then, the maximum TA can be used to avoid scheduling PUSCH during the maximum TA corresponding to SSB by the scheduling of gNB. Therefore, a new kind of invalid symbol does not need to be specified. 
If the degradation of BLER and/or throughput of PUSCH is critical to the network, the gNB can disable PUSCH repetition type B. 
[bookmark: _Ref162993640][bookmark: _Ref166251098]Observation 8: The invalid symbol defined in TN can be reused, and the collision of SSB and PUSCH repetition can be avoided by gNB scheduling according to the maximum UE TA (i.e., the configured reported TA threshold). If the degradation of BLER and throughput performance is critical for the network, the PUSCH repetition type B can be disabled. 

· Actual TDW determination due to the collision between DL reception and UL transmission with DMRS bundling
In NTN, the mismatch of TA between gNB and UE may cause a different understanding of the actual TDW of UE. An example is illustrated in Figure 5. If the gNB can demodulate DMRS bundling according to the ‘actual TDW’ in the perspective of NW (e.g., A1 can be decoded), the gNB can decode the corresponding PUSCH. If not, the decoding of PUSCH may fail and the BLER performance may degrade. Nonetheless, if the loss of the throughput is critical, the gNB can perform scheduling without DMRS bundling configuration. If DMRS bundling is disabled, the BLER performance would not degrade much.


[bookmark: _Ref162600821]Figure 5 An example of actual TDW determination

[bookmark: _Ref162993646]Observation 9: When the actual TDW determination is performed, the decoding of DMRS bundling can be up to gNB implementation which may degrade BLER performance. If DMRS bundling is disabled by gNB, the BLER performance will not degrade much.  

SIB 19 reception collides with UL transmission
In NTN, a UE needs to receive SIB19 to keep ephemeris up to date. A UE performs SI monitoring in a configured SI window. In the SI window, there are multiple SIB19 occasions configured by the gNB. If part of the SIB19 occasions overlap with UL transmission, the remaining SIB19 occasions in the SI window can be used. It can be up to gNB scheduling to guarantee that at least in one SI monitoring occasion, UL transmission does not collide with SIB19 (e.g., Not schedule UL transmission during two adjacent reception occasions). Moreover, the gNB can provide the system information through dedicated signaling using the RRC reconfiguration message to a connected mode UE, especially for the HD-FDD UE having heavy UL transmission in the SIB19 SI window. So, the SIB 19 reception can be ensured by the gNB implementation.
[bookmark: _Ref162993628]Observation 10: Considering multiple SIB19 occasions in the SI window, the gNB can guarantee at least one SIB19 occasion is not dropped. 
CPU occupation due to omitted DL reception or UL transmission
In TN, a CSI report occupies CPU (CSI processing unit) from the first symbol of CSI-RS/CSI-IM/SSB resource, or from the first symbol after the PDCCH, until the last symbol of the configured PUSCH/PUCCH carrying the report. The number of supported CPUs is reported by a UE. In some companies’ view, if the number of CPUs is one for a UE, omitted DL reception or UL transmission would have some significant impact on CPU occupation.
In our opinion, the omitted DL reception or UL transmission would also occur in the TN, the method of CPU occupation defined in TN can be reused in NTN. The cases and the understanding of CPU occupation in TN are listed as follows: 
· UE drops the reference signal and reserves the resource of CSI report. The CPU is not occupied due to omitted reference signal reception. It means that if the DL reception (i.e., CSI-RS/CSI-IM/SSB) is omitted, no CPU is occupied. 
· UE drops the PDCCH which is used to trigger CSI reports, or used to trigger CSI-RS and CSI reports. The CPU is not considered occupied due to omitted PDCCH reception. 
· UE receives the resource signal and drops the resource of CSI report transmission. From the perspective of UE, the CPU is released. From the perspective of gNB, the resource of CSI report is scheduled by the gNB, if gNB does not receive CSI report in duration, the CPU is considered to be released. 
In conclusion, omitted uplink and downlink transmissions do not lead to CPU occupation burden at UE side.
[bookmark: _Ref162993653][bookmark: _Ref162993666]Observation 11: the CPU occupation due to omitted DL reception or UL transmission in TN can be reused in NTN. 
[bookmark: _Ref166251119]Proposal 2: No new collision cases need to be specified. 

3. Conclusion
In this contribution, we provide our views on the support of RedCap and eRedCap UEs with NR NTN operating in FR1-NTN band. According to the discussions, we have the following observations and proposals:
Observation 1: The following factors are observed by some companies that may introduce a TA mismatch between the actual TA used by the UE and the assumed TA for the UE at the gNB 
· Factor 1. TA reporting is not supported by the UE 
· Factor 2. The configured TA offset threshold 
· Factor 3. The granularity of TA reporting 
· Factor 4. The propagation delay of TA report transmission.
Observation 2: If TA report is not supported by the UE, the maximum TA variation can be estimated by the gNB based on maximum differential delay and the timing drift. The maximum differential delay in the cell can be calculated by the gNB, and the timing drift is caused by the movement of satellite and the movement of the UE.  The gNB can perform scheduling based on the estimated maximum TA variation to avoid UL and DL collision.
Observation 3: If TA report is supported by a UE, the maximum TA mismatch caused by factor 2 can be controlled by the configuration of gNB. The TA mismatch is at most 1ms caused by factor 3, if smaller granularity is introduced, the benefit of the enhancement is limited. The TA mismatch caused by factor 4 can be covered by CP.
Observation 4: For Case 3 and Case 4, the collision issue caused by TA mismatch between gNB and UE can be handled by the gNB’s implementation, trading off between the UE throughput loss and UL reporting overhead. Even if the existing handling rules are updated, the performance loss would be inevitable given the increased retransmissions.
Observation 5: The current specification already supports a RedCap/eRedCap UE with R17/18 HD and R17/18 NR-NTN capabilities to operate in an NTN band. The gNB anyway should handle such kind of UEs based on the existing case 3 and case 4 handling rule.
Observation 6: For Case 1, Case 2, and Case 5 to Case 7, if gNB does not attempt to avoid the collision, the collision handling rule defined in TN can be reused in NTN, and the number of available resources is not decreased compared to TN. The packet loss of DL or UL transmission can be recovered by retransmission.
Observation 7: When available slot counting is used, if the RV is configured as zero for all the UL repetitions, the BLER performance would not degrade much. When physical slot counting is used, the duration of the PUSCH transmission and RV are aligned between gNB and UE, the BLER performance would not degrade.
Observation 8: The invalid symbol defined in TN can be reused, and the collision of SSB and PUSCH repetition can be avoided by gNB scheduling according to the maximum UE TA (i.e., the configured reported TA threshold). If the degradation of BLER and throughput performance is critical for the network, the PUSCH repetition type B can be disabled.
Observation 9: When the actual TDW determination is performed, the decoding of DMRS bundling can be up to gNB implementation which may degrade BLER performance. If DMRS bundling is disabled by gNB, the BLER performance will not degrade much.
Observation 10: Considering multiple SIB19 occasions in the SI window, the gNB can guarantee at least one SIB19 occasion is not dropped.
Observation 11: the CPU occupation due to omitted DL reception or UL transmission in TN can be reused in NTN.

Proposal 1: If additional enhancement is considered to improve the performance of HD RedCap/eRedCap UE potentially with higher capability, it should not require significant specification change, as well as large UE implementation complexity.
Proposal 2: No new collision cases need to be specified.
4. [bookmark: _Ref503565531][bookmark: _Ref493791948][bookmark: _Ref503565490][bookmark: _Ref510367705]Reference
1. [bookmark: _Ref166249968]RP-234078, New WID: Non-Terrestrial Networks (NTN) for NR Phase 3, Huawei, 3GPP TSG RAN Meeting #102, December 11-15, 2023. 
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