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1. Introduction
According to WID for NR NTN [1], objectives for DL coverage enhancements for NR NTN are specified as follows: 
	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


In this contribution, we discuss both system-level and link-level mechanism for DL coverage enhancement of NR NTN operation. 

2. Discussion
According to WID for NR NTN [1], SSB channel enhancement itself would be out of scope while the SSB transmission is essentially needed for a UE to camp on a cell. First of all, according the system-level evaluation assumption [2], the maximum DL channel BW is 30MHz for S-band or 400MHz for Ka-band, respectively. To reduce EIRP per satellite beam while the SSB detection performance is not degraded, it would be necessary not to allow FDM between SSB and other DL channel/signals. In this case, the EIRP per satellite beam could be adjusted only for SSB BW. For instance, for S-band, the EIRP per satellite beam could be reduced by 9.2dB () for 15kHz SCS of the SSB or 6.2dB () for 30kHz SCS of the SSB, respectively. For Ka-band, the EIRP per satellite beam could be reduced by 11.43dB () for 120kHz SCS of the SSB or 8.4dB () for 240kHz SCS of the SSB. Moreover, to avoid FDM between SSB and other DL channels/signals, it would rather assume that SS/PBCH block and CORESET multiplexing pattern 1 is used for the purpose of the DL coverage enhancement in Rel-19 NR NTN WI. 
Observation 1: For Rel-19 NR NTN, RAN1 assumes that the SSB transmission is not FDMed with other DL transmissions in a cell or a satellite beam. 

Moreover, to further reduce the total aggregated EIRP of the serving satellite, it would be necessary that the SSB transmissions across different satellite beams are TDMed as much as possible. In other words, the number of overlapping SSB transmission resources across different satellite beams needs to be minimized based on the limit of the total aggregated EIRP for a serving satellite. Since the SSB channel enhancement is precluded in this WI, this kind of approach could be managed by adjusting the time location of SFN0 of each cell and/or the setting of the higher layer parameter ssb-PositionsInBurst for each cell. For instance, in case of 15kHz SCS or 30kHz SCS, when the SSB resource periodicity is 160msec, there would be 80 bins to locate the set of SSB resources for a cell. If there are total 1200 cells served by a single serving satellite, and if the time location of SFN0 of each cell is set so that the SSB resources for different cells are TDMed as much as possible, only 15 cells will have the time-overlapping SSB transmissions in the same time instances. In case of 120kHz SCS of the SSB, since it occupies roughly 5msec, for the 160msec of the SSB resource periodicity, there would be 32 bins to locate the set of SSB resources for a cell. In this case, if there are total 7500 cells served by a single serving satellite, and if the time location of SFN0 of each cell is set so that the SSB resources for different cells are TDMed as much as possible, only 235 cells will have the time-overlapping SSB transmissions in the same time instances. 
With the above assumptions, for LEO-600 with 15kHz SSB-SCS in S-band, the total aggregated EIRP of the serving cell having 1200 satellite beams could be at least 51.32 dBW () without any loss of the SSB transmissions over all satellite beams. For LEO-600 with 120kHz SSB-SCS in Ka-band, the total aggregated EIRP of the serving cell having 7500 satellite beams could be at least 42.30 dBW () without any loss of the SSB transmissions over all satellite beams. On the other hand, for other DL transmissions allowing that the other DL transmission of a cell can be overlapping with SSB of another SSB in time, the total number of activated cells for a single serving satellite would need to be increased. In this case, the above total aggregated EIRP value could be further increased. For instance, if the number of activated cells is increased by 2 times, then the total aggregated EIRP will be increased by 3 dB. 
Observation 2: For Rel-19 NR NTN, RAN1 assumes that the SSB transmissions associated with different cells or satellite beams are TDMed as much as possible by using proper setting of the time location of SFN0 and ssb-PositionsInBurst for each cell. 
     
     On the other hand, if it is allowed not to transmit SSB for a certain satellite beam, it will definitely have negative impact on supporting new user joining the cell. If it is allowed to dynamically change the TX power of SSB for a certain satellite beam, it will affect to SSB-based measurement procedure such as RRM, RLM, and beam management procedures. Moreover, reducing SSB power itself would have the impact on the legacy UE in terms of the reduced cell coverage. In this point of view, it should prioritize the case when the SSB transmissions over all the satellite beams of a serving satellite are guaranteed without any TX dropping or any TX power reduction. 
Proposal 1: For Rel-19 NR NTN, RAN1 assumes that the SSB transmissions over all the satellite beams of a serving satellite are guaranteed without any TX dropping or any TX power reduction. 

2.1. Link-level enhancement
Considering that the EIRP of a satellite beam can be limited based on the SSB BW, for wideband DL transmissions for a single or multiple UE(s), it would be necessary to enhance the link-level performance by 9.2 dB for FR1-NTN. For FR2-NTN, if necessary, 11.43 dB link-level enhancement would be needed. 
In case of PDSCH scheduled by the non-fallback DCI format, DL slot aggregation or DL repetition could be used to enhance the DL coverage by increasing time domain resources for a PDSCH transmission. In case of DL slot aggregation, since the maximum number of PDSCH repetition is 8, therefore, other value more than 8 would be needed to cover 9.2 dB improvement. Alternatively, it can be considered that the maximum TB size is further restricted to improve PDSCH decoding performance. 
In case of repetition, the maximum number of PDSCH repetition is 16, and the number of PDSCH repetitions could be dynamically changed based on the TDRA field in the DCI format scheduling PDSCH. In this case, it would be possible that the gNB increases or decreases the repetition number depending on the PDSCH TX BW or the remaining TX power budget of the cell. 
Observation 3: For PDSCH transmissions scheduled by non-fallback DCI, the existing PDSCH repetition schemes such as DL slot aggregation and repetition would be sufficient to achieve the DL coverage enhancement of 9.2dB for NR FR1-NTN. 

On the other hand, for PDSCH scheduled by the fallback DCI format, neither DL slot aggregation nor PDSCH repetition is no longer applied. In this case, the PDSCH carrying SIB1, other SIB, paging message, RAR, MsgB, and/or Msg4 would have the limited coverage when the total aggregated EIRP of a serving satellite is limited. Meanwhile, for PDSCH carrying paging message, RAR, or MsgB, the TB size could be further reduced for a given amount of REs by using the TB scaling factor indicated by the DCI. This kind of code rate reduction could be used to improve PDSCH decoding performance. However, even though the amount of frequency resources increases, the maximum TX power would not be increased further. Moreover, the TB scaling factor can make the original TB size quartered. In those points of views, this approach would not be sufficient to achieve 9.2 dB for link-level enhancement. 
Observation 4: For PDSCH carrying paging message, RAR, or MsgB, TB size scaling would not be sufficient to achieve the DL coverage enhancement of 9.2dB for NR FR1-NTN.

According to TS 38.212, DCI formats scheduling SIB, paging, RAR, MsgB, Msg4 have reserved bits, therefore, it can be considered to use it to indicate the PDSCH repetition number, if necessary. In case of Msg4, since only 2 reserved bits are remaining, the DAI field could be reused to indicate the PDSCH repetition number on top of the indication of the PUCCH repetition number for UL coverage enhancement. Alternatively, the higher layer parameter PDSCH-ConfigCommon could be updated to include the higher layer parameter pdsch-TimeDomainAllocationList-r16 to support PDSCH repetition. However, in this case, the PDSCH repetition would not be supported for PDSCH carrying SIB1. Moreover, it would be necessary to carefully investigate how to handle the coexistence between the legacy UEs and the advanced UEs. To be specific, if it is allowed that a single RAR PDSCH carries the RAR MAC PDU for the legacy UE and the RAR MAC PDU for the advanced UE, the timeline for the subsequent transmissions would be carefully investigated. 
In case of PDCCH, for DL coverage enhancement, it would be necessary to investigate how to increase the amount of REs for a single DCI format transmission. For simplicity, the aggregation level could be further increased to be more than 16. However, according to the existing CCE-to-REG mapping, increasing the aggregation level of a DCI format will increase the amount of frequency domain resources. Considering that the total TX power of a cell can be limited, it would not be sufficient to increase the frequency domain resources for a DCI format. 
Alternatively, it can be considered to increase the number of OFDM symbols for a CORESET. In this case, the CCE-to-REG mapping also needs to be updated accordingly based on the NR principle. To be specific, the existing CCE-to-REG mapping with respect to the number of OFDM symbols for a CORESET ensures that different CCEs are not TDMed within a CORESET. In this point of view, the possible value of the number of OFDM symbols for a CORESET is currently 2 and 3 which are the divisors of 6. Moreover, for the additional aggregation level(s) and/or the additional CORESET duration, the blocking probability issue within a CORESET and the coexistence with the legacy UE also needs to be carefully investigated. 
Alternatively, it can be considered to reuse the concept of linking two search spaces for a single DCI format. In this case, a single DCI format can be transmitted by using two PDCCH candidates from different search spaces. In this case, in the perspective of a single search space, the existing CCE-to-REG mapping could be used. Moreover, the blocking probability issue and the coexistence with legacy UE would be no problem. Meanwhile, since the search space linkage currently supports linking only two search spaces, the maximum number of CCEs for a single DCI format would be 32. Depending on the target DL coverage enhancement, it can be considered to allow more than two search spaces are linked for a single DCI format transmission. 
On the other hand, if a single cell transmits small number of PDCCH in a PDCCH occasion, it would be possible that the high TX power is allocated to each PDCCH transmission. If small number of UEs are served by the cell, this approach would be done by network implementation. However, if large number of UEs are served by the cell, this approach will increase service latency. To alleviate this problem, it can be considered that a single group-common DCI schedules multiple PDSCH transmissions for multiple UEs, but it will require a huge specification work. 
Proposal 2: For link-level enhancement in Rel-19 NR NTN, RAN1 carefully investigates followings:
· Whether the existing DL slot aggregation or PDSCH repetition scheme is sufficient for the coverage enhancement for the PDSCH transmissions scheduled by non-fallback DCI. 
· Whether or how to support PDSCH repetition for PDSCH transmissions scheduled by fallback DCI. 
· Which PDSCH transmission will be a target for DL coverage enhancement.
· e.g., PDSCH for SIB1, PDSCH for other SIB, PDSCH for paging, PDSCH for RAR, PDSCH for MsgB, PDSCH for Msg4, PDSCH for user data. 
· How to indicate PDSCH repetition number. 
· Whether the existing search space linkage is sufficient for PDCCH coverage enhancement.
· Whether or how to support search space linkage for DCI format for SIB1. 
· Whether or how to support other link-level DL coverage enhancement for PDCCH considering specification impact and blocking probability issue.
· e.g., Supporting higher aggregation level, increasing CORESET duration, increasing the number of linked search spaces for a single DCI format. 

2.2. System-level enhancement 
According to TR 38.821 [2], a single cell can be associated with multiple satellite beams, or a single cell can be associated with a single satellite beam. For the earlier case, the existing NR beam management can be reused to activate small portion of satellite beams in a time over all the satellite beams served by a single satellite. In our understanding, a UE assumes that two different DL transmissions in the same OFDM symbol(s) are quasi co-located with ‘typeD’. In other words, the gNB may use a single TX beam for multiple DL transmissions in a time. 
To be specific, according to TS38.214, if the UE is configured with a CSI-RS resource and a search space set associated with a CORESET in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in all the search space sets associated with CORESET are quasi co-located with 'typeD', if 'typeD' is applicable. If the UE is configured with the CSI-RS resource in the same OFDM symbol(s) as an SS/PBCH block, the UE may assume that the CSI-RS and the SS/PBCH block are quasi co-located with 'typeD' if 'typeD' is applicable. If the UE receives the DM-RS for PDSCH and an SS/PBCH block associated with the same PCI in the same OFDM symbol(s), then the UE may assume that the DM-RS and SS/PBCH block are quasi co-located with 'typeD', if 'typeD' is applicable. 
In this case, due to the limit of the supportive DL beam at the feeder link, only one satellite beam among the satellite beams associated with the same cell will be activated in a time. For instance, if each cell consists of N satellite beams, 1/N of satellite beams served by a single satellite will be activated for the full-buffer scenario. When the value of N is large, it can simply reduce the total aggregated EIRP of a serving satellite, but a large number UEs over wide area may share the same resources. It will limit the user throughput. On the other hand, when the value of N is small, the reduction of the total aggregated EIRP of the serving satellite would not be enough. In this case, TX power reduction or TX skipping in per-cell basis would be needed. 
Observation 5: For the case when a single cell consists of multiple satellite beams, the existing NR beam management may ensure that only one of the satellite beams for a single cell is activated in a time. 
Observation 6: Considering that the limit of user throughput, increasing the number of satellite beams to be associated with the same cell is not sufficient to have the reasonable value of the total aggregated EIRP of a satellite. 

On the other hand, if a single cell is associated with a satellite beam, it would be necessary to avoid the case where a larger number of cells have DL transmissions in the same time. If multiple cells are served by a single gNB, it would be possible to avoid such cases based on the network implementation. However, if multiple cells are served by multiple gNBs (due to the limited feeder link BW for a single gNB), it would be difficult to avoid such cases based on only dynamic scheduling since the scheduling information may not be dynamically shared among different gNBs in general. Alternatively, it would be necessary to coordinate scheduling information of multiple gNBs in semi-static manner. For this purpose, Rel-18 cell DTX operation and/or TDD configuration for FDD operation could be a baseline. If the coordination among multiple gNBs is not feasible due to the distance between them, it can be considered that the satellite relays the relevant information from a gNB to another gNB. 
According to the cell DTX operation specified in Rel-18 NES WI, the gNB may not transmit PDCCH and SPS PDSCH outside the cell DTX Active Period. In other words, it seems open that the gNB transmits PDSCH scheduled by a DCI, CSI-RS, and/or SSB outside the cell DTX Active Period. In this case, even though the cell DTX Active Periods are configured to avoid the time-overlapping among cells as much as possible, it is still possible that a large number of cells are activated for the DL transmissions in the same time. In the perspective of the serving satellite with transparent payload, the satellite may need to skip some DL transmission and/or to reduce TX power for certain cells. This kind of the satellite behavior may not be known at the GW or gNB unless the satellite informs this kind of situation. Meanwhile, if the TX power for some reference signals is time-varying, it would have the impact on the measurement-based procedure such as RRM, RLF, CSI measurement/reporting. For instance, if the TX power of RLM-RS suddenly decreases, the UE could declare radio link failure unnecessarily. In case of beam management, the beam quality could be underestimated or overestimated, so gNB can indicate or configure wrong TCI state for DL transmission. 
Observation 7: Even if Rel-18 NES cell DTX operation is used for NR NTN, it is possible that PDSCH transmissions scheduled by DCI, CSI-RS transmissions, and/or SSB transmissions from different cells or satellite beams are overlapping in time. It will cause the excessively high aggregated EIRP of the serving satellite. 
Observation 8: If the serving satellite skips DL transmissions or reduces its TX power, it would be necessary to carefully investigate the impact on the measurement-based procedures. 
To alleviate this problem, it can be considered to configure TDD configuration even for the FDD carriers in NR NTN bands. By using the proper TDD configuration, it would be possible to avoid the case when a larger number of cells or satellite beams are activated in the same time even for the full-buffer scenario. Since the FDD carrier still have separate carriers for DL and UL, DL-to-UL interference or UL-to-DL interference would not be a problem. 
Meanwhile, in case of the transparent payload, the satellite may need to transmit both DL transmission to a UE and UL transmission to a GW simultaneously. Considering that the total aggregated EIPR of the satellite is restricted, it would be also necessary to consider the simultaneous DL and UL transmissions. In other words, due to the limited EIRP, the TX power for UL transmission from the satellite would need to be reduced to ensure the DL transmission from the satellite, vice versa. In those point of view, TDD configuration could be helpful to reduce the case when both DL transmission and UL transmission are performed at the serving satellite side. 
Proposal 3: For system-level enhancement in Rel-19 NR NTN, RAN1 carefully investigates followings:
· Prioritize dynamic and flexible power sharing mechanism in per-cell basis, but not in per-satellite-beam basis.
· Whether or how to support the case when more than one satellite beams of a cell are activated in a time. 
· Whether or how to further restrict gNB or UE behavior outside the cell DTX Active Period. 
· Whether or how to reduce the DL reference power of a subset of cells served by a satellite. 
· Whether or how to skip DL transmissions other than PDCCH and SPS PDSCH during the cell DTX Non-Active Period. 
· Whether or how to support TDD configuration for NR NTN operation in FDD carrier. 
· Whether or how to support dynamic and flexible power sharing between DL transmission and UL transmission at the serving satellite side. 

Meanwhile, to activate or deactivate a cell or satellite beam efficiently, it can be considered that the gNB checks the request from UE(s). According to Rel-19 NES WID [3], one of the objectives is to study procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode. Another objective is to specify adaptation of common signal/channel transmissions. For this objective, there shall be no negative impact to legacy UEs. In our view, considering the limited TU for NR NTN, it is not preferrable to have duplicated discussion in different WIs. In that point of view, it is preferred to deprioritize to study on-demand cell or satellite beam on/off in Rel-19 NR NTN. 
Observation 9: In Rel-19 NR NTN WI, it is not preferrable to have duplicated discussion for on-demand common signals/channels design which is a part of the objective of another WI. 
[bookmark: _GoBack]
3. Conclusions
In this contribution, we discussed DL coverage enhancement for NR NTN. Based on the above discussion, our observations and proposals are given as follows:
Observation 1: For Rel-19 NR NTN, RAN1 assumes that the SSB transmission is not FDMed with other DL transmissions in a cell or a satellite beam. 
Observation 2: For Rel-19 NR NTN, RAN1 assumes that the SSB transmissions associated with different cells or satellite beams are TDMed as much as possible by using proper setting of the time location of SFN0 and ssb-PositionsInBurst for each cell. 
Observation 3: For PDSCH transmissions scheduled by non-fallback DCI, the existing PDSCH repetition schemes such as DL slot aggregation and repetition would be sufficient to achieve the DL coverage enhancement of 9.2dB for NR FR1-NTN. 
Observation 4: For PDSCH carrying paging message, RAR, or MsgB, TB size scaling would not be sufficient to achieve the DL coverage enhancement of 9.2dB for NR FR1-NTN.
Observation 5: For the case when a single cell consists of multiple satellite beams, the existing NR beam management may ensure that only one of the satellite beams for a single cell is activated in a time. 
Observation 6: Considering that the limit of user throughput, increasing the number of satellite beams to be associated with the same cell is not sufficient to have the reasonable value of the total aggregated EIRP of a satellite. 
Observation 7: Even if Rel-18 NES cell DTX operation is used for NR NTN, it is possible that PDSCH transmissions scheduled by DCI, CSI-RS transmissions, and/or SSB transmissions from different cells or satellite beams are overlapping in time. It will cause the excessively high aggregated EIRP of the serving satellite. 
Observation 8: If the serving satellite skips DL transmissions or reduces its TX power, it would be necessary to carefully investigate the impact on the measurement-based procedures. 
Observation 9: In Rel-19 NR NTN WI, it is not preferrable to have duplicated discussion for on-demand common signals/channels design which is a part of the objective of another WI. 

Proposal 1: For Rel-19 NR NTN, RAN1 assumes that the SSB transmissions over all the satellite beams of a serving satellite are guaranteed without any TX dropping or any TX power reduction. 
Proposal 2: For link-level enhancement in Rel-19 NR NTN, RAN1 carefully investigates followings:
· Whether the existing DL slot aggregation or PDSCH repetition scheme is sufficient for the coverage enhancement for the PDSCH transmissions scheduled by non-fallback DCI. 
· Whether or how to support PDSCH repetition for PDSCH transmissions scheduled by fallback DCI. 
· Which PDSCH transmission will be a target for DL coverage enhancement.
· e.g., PDSCH for SIB1, PDSCH for other SIB, PDSCH for paging, PDSCH for RAR, PDSCH for MsgB, PDSCH for Msg4, PDSCH for user data. 
· How to indicate PDSCH repetition number. 
· Whether the existing search space linkage is sufficient for PDCCH coverage enhancement.
· Whether or how to support search space linkage for DCI format for SIB1. 
· Whether or how to support other link-level DL coverage enhancement for PDCCH considering specification impact and blocking probability issue.
· e.g., Supporting higher aggregation level, increasing CORESET duration, increasing the number of linked search spaces for a single DCI format. 
Proposal 3: For system-level enhancement in Rel-19 NR NTN, RAN1 carefully investigates followings:
· Prioritize dynamic and flexible power sharing mechanism in per-cell basis, but not in per-satellite-beam basis.
· Whether or how to support the case when more than one satellite beams of a cell are activated in a time. 
· Whether or how to further restrict gNB or UE behavior outside the cell DTX Active Period. 
· Whether or how to reduce the DL reference power of a subset of cells served by a satellite. 
· Whether or how to skip DL transmissions other than PDCCH and SPS PDSCH during the cell DTX Non-Active Period. 
· Whether or how to support TDD configuration for NR NTN operation in FDD carrier. 
· Whether or how to support dynamic and flexible power sharing between DL transmission and UL transmission at the serving satellite side. 
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