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1 Background
The Rel-19 NR NTN work item NR_NTN_Ph3 [1] includes objectives on downlink coverage enhancements and support of (e)RedCap UEs. The objectives are reproduced below, with yellow highlight topics to be discussed in this contribution:
1. [bookmark: _Hlk153196886]Study and specify if beneficial downlink coverage enhancements targeting support for additional reference satellite payload parameters covering both GSO and NGSO constellations operating in FR1-NTN or FR2-NTN [RAN1, RAN2, RAN4]
· Define additional reference satellite payload parameters assuming power sharing among satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint, such that satellite beams may not all be simultaneously active or may be active below the nominal EIRP density per satellite beam (see section 6.1.1 in TR 38.821) due to limited power and limited feeder link bandwidth.
· Define the corresponding power sharing assumptions and necessary link level and system level evaluation methodology and relevant KPIs for evaluations of the coverage, to allow for identification of physical channels/signals and system-level aspects that need enhancements and the corresponding needed improvements.
· Study and if needed specify solutions, including link level enhancements for FR1-NTN (e.g. for PDCCH, PDSCH) and/or system level enhancements for FR1-NTN and/or FR2-NTN, allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint.
· Notes for this objective:
· SSB channel enhancement is not considered
· Antenna gain of UE shall be assumed to be -5.5dBi in case of smartphone in FR1-NTN, the UE is assumed to be a full duplex UE, and at least 2Rx are considered at the UE
· NGSO to be considered in priority: LEO Set-1 @ 600 km
· Rel-18 network energy saving techniques should be considered as baseline in the system level study
[…]

5. 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 following topics:
i. Based on the RAN1 conclusions of the study on HD collision rules, we propose an objective for the normative phase of HD-FDD (e)RedCap support.
ii. For system level enhancements, we discuss the issue of increased SSB periodicity for initial access, which was controversial during the RAN1 meeting discussion (as documented in some of the captured observations).
2 Support of HD-FDD (e)RedCap UEs
In RAN1#116, 116bis and 117, RAN1 studied the impact of supporting HD-FDD operation in NTN. A complete summary of agreements and observations is captured in the Appendix (Sections 8, 11 and 14 in [2]). From the agreements and observations, we highlight the following RAN1 findings:
· Existing priority rules for collision cases 3 and 4 need to be redefined. 
· TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB leads to reduced achievable UE throughput.
· The impacts of TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB can be mitigated by TA reporting.
In addition, the collision between UE UL transmissions and potential reception of SIB19 exists even without TA mismatch [4]. Some companies observed that the collision between SIB19 reception and UL transmission can be classified as collision cases 4 and 1, and believe that the solution to collision case 4 can solve the issue [2]. This belief overlooks the following facts:
· SIB19 transmission is dynamically scheduled in a periodic way but a UE does not read it for most of the time. Hence it should not be treated the same way as other dynamically scheduled DL transmissions for collision handling.
· gNB does not know when a UE reads SIB19. 
The above facts made collision of SIB19 and UL transmission a unique issue for HD-FDD UEs. 
Based on RAN1 findings, essential specification changes are necessary to support HD-FDD (e)RedCap UEs, including new UE procedure(s) for collision cases 3 and 4 and enhancements to TA reporting.  Once the new UE procedure(s) for collision cases 3 and 4 are defined, RAN1 can study if collision of SIB19 and UL transmissions needs to be handled differently. In addition, performance degradation of UL repetition transmission and DMRS bundling can be reevaluated by considering the enhancements to TA reporting.
Proposal 1: Endorse the following objective for the RAN1 normative phase of supporting HD-FDD (e)RedCap UEs:
· For HD-FDD RedCap UEs and eRedCap UEs, specify the following enhancements
· Define enhanced UE procedure(s) and, if necessary, associated signalling for collision cases 3 and 4
· Consider defining different procedure for SIB19 collision with UL transmission
· Consider to mandate Rel-17 TA report and, if deemed beneficial, to define a new TA report with finer granularity 
· By considering the solutions to the above two objectives, study the impacts of and, if deemed beneficial, define solutions to the following issues:
· 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 

3 System level enhancements & SSB periodicity
In RAN1#117, one of the controversial points of discussion was whether modifying the SSB periodicity for initial access is in the scope of the work item. The confusion arises from the following text in the WID [1]:
· Notes for this objective:
· SSB channel enhancement is not considered


This controversy was captured in the following note under one of the agreed observations [3]:
 Note: RAN1 will further investigate the impact of SSB periodicity extension
Note: Any needed clarification “SSB channel enhancement is not considered” in the WID is up to RAN plenary
Note: RAN1 will further investigate the impact of wider beam of SSB and/or other channels on performance (e.g. link budget, capacity...)

Since SSB transmission repetition periodicity has no impacts on SSB signal generation and each SSB transmission can be independently decoded, we don’t consider a change to SSB transmission periodicity as SSB channel enhancement. Increased periodicity of SSB transmission, however, leads to the following issues:
· Backward compatibility: Rel-17 and Rel-18 UEs may not be able to acquire the SSB unless it can be decoded without SSB combining. Since the maximal supported value of SSB transmission repetition periodicity, ssb-PeriodicityServingCell signalled in SIB1, is 160 ms,  Rel-17 and Rel-18 UEs will not be able to connect if the  SSB transmission periodicity is beyond 160 ms .
· Increased initial access latency: Initial access latency in NTN is already longer than in TN due to large Doppler even without increasing the SSB periodicity. Further increasing the transmission periodicity may lead to unacceptable initial access latency. This issue can be addressed by reducing the synchronization raster points that a UE needs to search.
· Impacts to UE performance: Increased SSB periodicity leads to degraded performance of UE time and frequency synchronization, particularly under large Doppler variation. UE performance of time and frequency synchronization should be evaluated against increased SSB periodicity.

Proposal 2: For the study on “system level enhancements” for beam hopping, Rel-19 scope allows to study larger SSB periodicity than 20ms for initial access: 
· SSB periodicities larger than 160ms are not further considered in RAN1.
· If larger SSB periodicity than 20ms for initial access is specified in Rel-19, the larger SSB periodicity shall apply to a small number of raster points
· Study the feasibility by considering UE time and frequency synchronization performance against relevant requirements.

4 Conclusion
In this contribution we presented our views related to the scope of HD-FDD support for (e)RedCap UEs and increasing SSB periodicity for beam hopping. We made the following proposals:
Proposal 1: Endorse the following objective for the RAN1 normative phase of supporting HD-FDD (e)RedCap UEs:
· For HD-FDD RedCap UEs and eRedCap UEs, specify the following enhancements
· Define enhanced UE procedure(s) and, if necessary, associated signalling for collision cases 3 and 4
· Consider defining different procedure for SIB19 collision with UL transmission
· Consider to mandate Rel-17 TA report and, if deemed beneficial, to define a new TA report with finer granularity 
· By considering the solutions to the above two objectives, study the impacts of and, if deemed beneficial, define solutions to the following issues:
· 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 

Proposal 2: For the study on “system level enhancements” for beam hopping, Rel-19 scope allows to study larger SSB periodicity than 20ms for initial access: 
· SSB periodicities larger than 160ms are not further considered in RAN1.
· If larger SSB periodicity than 20ms for initial access is specified in Rel-19, the larger SSB periodicity shall apply to a small number of raster points
· Study the feasibility by considering UE time and frequency synchronization performance against relevant requirements.

Appendix: Agreements and observations for HD-FDD support 
RAN1#117
Conclusion
For Rel-19 HD-FDD RedCap/eRedCap UE in NTN, the issues caused by TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB should be mitigated for collision cases 3 and 4.
· Note: further discussion on other cases is not precluded

Conclusion: For collision cases 1, 2, 5 and 6, the existing priority rules can be reused for a HD-FDD (e)RedCap UE in NTN.

Observation
TA reporting is beneficial to mitigate the TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB for HD-FDD RedCap/eRedCap UE in NTN from RAN1 perspective.
· Note: complexity, power consumption and signaling overhead impact of TA reporting for (e)redcap UEs was not investigated in this work item



RAN1#116b
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.

RAN1#116

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
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