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Introduction
This feature lead summary (FLS) document aims to collect and align on company views on Release-19 NR-NTN downlink coverage enhancements. It contains a summary of the contributions under 9.11.1 at TSG-RAN WG1 #116bis, together with identified key issues. The goal of this FLS is to facilitate consensus-building and offer recommendations for prioritizing discussions, including considerations for potential postponements of certain issues.

A total of 28 TDocs have been submitted to current meeting for discussion. The source contributions are cited in references [1]-[28]. The companies’ proposals are listed in the appendix.

System Level Study (SLS)
Topic#1-1 SLS parameters
Companies’ contributions summary
The following proposals on Topic#1-1 are submitted to current RAN1 meeting:

	Companies
	Proposals

	Huawei, HiSilicon
	Observation 1: The beam layout assumed for the agreed satellite payload parameters LEO600km Set 1-1/1-2/1-3 is based on uniform hexagonal beam layout with fixed diameter, which is different from the beam layout defined in Table 6.1.1.1-4 in TR 38.821.
Proposal 1: Clarify that the beam footprints agreed in the LEO600km Set 1-1/1-2/1-3 assume the uniform hexagonal beam layout and the beam size of 50km refers to the  inter-beam spacing (IBS), i.e. the distance between two adjacent hexagon. 

	Ericsson
	Observation 1	The adopted UV plane is not a fitting methodology to allow an accurate inter-beam interference calculation, nor a placement of high number of spot beam tier layouts.
Observation 2	The adopted ABS definition couples the satellite antenna beam width, which is a fixed simulation configuration, with the ABS. As an effect, the system cannot be optimized in terms of number of beam footprints within the satellite coverage area and SNR/SIR balancing.
Observation 3	If one increases the ABS by  , then the hexagonal cell area increases by   in the UV plane. Then, the number of satellite beam footprints required to provide the coverage to the specific region of interest can be decreased by increasing the ABS in the UV plane.
Observation 4	For FRF = 1, larger ABS with the same HPBW reduces the aggregate interference and hence improves the downlink SINR in majority UE locations (excluding the cell-edge users), while marginally decreasing the SINR for the cell-edge users.
Observation 5	For FRF = 3 and BH with TRF = 3, larger ABS with the same HPBW reduces interference and hence improves the downlink SINR in a limited number of UE locations (i.e., around the cell center), while reducing the SINR for majority UE locations, including the cell-edge users.
Observation 6	Larger ABS allows to reduce the required time reuse factor which in turn yields increased beam illumination ON-time for a given Trevisit in the context of beam hopping.
Observation 7	The existing UE distribution model does not reflect the expected NTN deployment in terms of cell user density, cell population/traffic imbalance.
Proposal 1	RAN1 to consider beam layout with at least one increased value of ABS (e.g., 0.1157, equivalently, beam size of 86.6 km) in addition to the baseline ABS of 0.0668 (equivalently beam size of 50 km) with the same HPBW.
Proposal 2	RAN1 to discuss the baseline techniques such as FRF = 1 and FRF = 3 while comparing the performance of beam hopping technique in the downlink coverage enhancements and the specification impact point of view.
Proposal 3	RAN1 to consider beam layout with larger ABS without increasing the HPBW in the system-level evaluations of the downlink coverage enhancements study.
Proposal 4	RAN1 aim to consider the low or moderate time reuse factors (that allows reasonable Tdwell) in the context of beam hopping to limit the specification impact.
Proposal 5	RAN1 to revisit the UE distribution model to reflect the relevant NTN deployment aspects, including the non-uniformity of the traffic distribution in system-level evaluation of beam hopping.
Proposal 6	RAN1 to discuss the typical element spacing employed in the Satellite antennas, which is necessary to set the element peak gain and hence the number of elements fit within a certain antenna aperture as function element spacing.

	Oppo
	Proposal 1: For system level study based on analytical evaluation: 
· The dwell time and revisit time of the beam footprints in state “off” are 0.
· The dwell time and revisit time of the beam footprints in state “common message only” and “active traffic” are reported by companies.

	CATT
	Proposal 1: For downlink coverage enhancement, scenarios of Set 1-1 and Set 1-2 should be prioritized.
Proposal 2: Satellite parameters in TR 38.821 can be reused for LEO600km Set1 in FR2 and Table 2 can be adopted.
Proposal 3: Traffic type of IM and VoIP should be prioritized for evaluation.


	Samsung
	Observation 6: SSB performance requirement could not be met for set 1-3 based on 5% percentile SINR result.  
Conclusion 2: RAN1 deprioritizes set 1-3 for further system level study in Rel-19 NTN.


	CMCC
	Proposal 9. It should be further clarified that the simultaneously active beam number as agreed for Set 1-1/2/3 are for UL or DL or both DL and UL, which will impact the design of the illumination window and revisit periods for the system level study. 


	ZTE
	Proposal 2: It should be clarified that whether the same number simultaneously active beams are assumed for both DL and UL, and whether it can be active for the same beam footprint simultaneously. 
Proposal 3: The propagation time due to the unknown distance between the gNB and the UE should also be considered in the dwell time consideration.


	Baicells
	Proposal 2: For DL coverage study at system level, consider the following additional reference satellite payload parameters for LEO600km in FR2 (i.e., Ka-band), referred to as Set1-1 FR2, Set1-2 FR2:


	LEO600km Set1-1 FR2 (i.e., Ka-band)

	Maximum Bandwidth per beam
	400 MHz

	SCS
	120 kHz

	Beam size
	20km

	Satellite EIRP density /beam (dBW/MHz)
	34

	Payload Total DL power level (dBW)
	32.3

	Aggregated EIRP (Total) (dBW)
	70.8

	Satellite Tx max Gain (dBi)
	38.5

	EIRP per Satellite beam (dBW)
	60.0

	Total number of beam footprints
	800 (note 1)

	Total number of simultaneously active beams
	12

	% simultaneously active beams
	1.5 %

	




	LEO600km Set1-2 FR2 (i.e., Ka-band)

	Maximum Bandwidth per beam
	400 MHz

	SCS
	120 kHz

	Beam size
	20km

	Satellite EIRP density /beam (dBW/MHz)
	26

	Payload Total DL power level (dBW)
	24.3

	Aggregated EIRP (Total) (dBW)
	62.8

	Satellite Tx max Gain
	38.5

	EIRP per Satellite beam (dBW)
	52.0

	Total number of beam footprints
	800 (note 1)

	Total number of simultaneously active beams
	12

	% simultaneously active beams
	1.5 %

	




	NEC
	Observation 1: Adjusting the number of active transmit antennae could provide flexible physical beam patterns/size (i.e. wide or narrow) across the satellite footprint. 

Observation 2: To support the flexible beam patterns/size (i.e. wide or narrow) across the satellite footprint study, satellite payload parameters that reflect the practical total power constraint issues should be updated as the simulation assumption.

Proposal 1: Support using phased array antenna to providing flexible physica beam patterns/size (i.e. wide or narrow) across the satellite footprint.

Proposal 2: Support update the system-level simulation assumption to reflect the practical total transmit power constraint issue for NR-NTN downlink coverage enhancement. 

Proposal 2: For DL coverage study at system level, consider the following additional reference satellite payload parameters for LEO600km in FR2 (i.e., Ka-band):
· Beam size: 20km
· Satellite EIRP density /beam (dBW/MHz): 4
· Payload Total DL power level (dBW): 2.3
· Aggregated EIRP (Total) (dBW): 40.8
· Satellite Tx max Gain: 38.5
· EIRP per Satellite beam (dBW): 30


	ETRI
	Observation 1: When a phased array antenna generates multiple simultaneously active beams, the transmit antenna gain of each beam can vary depending on how the phased array antenna generates each beam.
Observation 2: The results for both system-level and link-level evaluations can be significantly influenced by the transmit antenna gain for each beam.

Proposal 1: RAN1 to clarify how to determine the transmit antenna gain of each active beam for DL CE evaluations.
· Discussions on how to determine the transmit antenna gain is required. 
· Or, the assumptions used for DL CE evaluations should be reported.   


	Nokia, Nokia Shanghai Bell
	Proposal 1: RAN1 to prioritize FR1 in the downlink coverage enhancements studies for Rel-19.
Proposal 2: RAN1 to discuss what is the maximum amount of area which can be out of coverage.
Proposal 3: RAN1 to adopt the above state diagram for studying the state changes and evaluate different solutions for evaluating coverage.


	NICT
	Observation 2:
There would be a big variance in traffic demand depending on the geographical or social situation of the area that the satellite beams cover.
Proposal 2:
Uneven UE density and traffic demand across the satellite footprint must be considered in system simulation in order to develop specifications which enable more effective and efficient beam management operation.


	NTT DOCOMO
	Observation 6:
· What should be simulated/enhanced for dynamic and flexible power sharing is unclear.
· Satellite/NW implementation can achieve “power sharing among satellite beams or different satellite beam patterns/size across the satellite footprint” in a practical EIRP, with R18 NES techniques if necessary.
Proposal 6:
· For discussion on NTN DL coverage enhancement, prioritize Set 1-1 FR1.


	Panasonic
	Proposal 5: Although three satellite parameter sets are defined for the evaluation, parameter sets to be supported in Rel.19 should be carefully discussed.  

	ESA
	Proposal 1: The horizontal/vertical 3 dB beam width of each single radiating element of the satellite antenna should be 126 degrees.

Observation 1: The current set-up with the element spacing of d=0.667 and 400 elements is very sub-optimal for the satellite phased-array antenna.

Observation 2: The element spacing of d≤0.5583 is needed for ensuring grating lobes outside the operational field of view.

Proposal 2: The number of satellite antenna elements shall be 676 (26 × 26 elements) and assuming the element spacing d=0.5.

Proposal 3: The steering loss at 30° user elevation angle shall be 2.5 dB.




First round proposals on SLS parameters
Based on the companies’ inputs on the parameters to be used for system level study, the following proposal is made:


	
Proposal 1-1-v0

The Satellite phased-array antenna parameters for LEO 600km in FR1from RAN WG1 #116 are updated as follows:

	Satellite phased array antenna Characteristics
	LEO-600

	Orbit
	LEO-600km

	Frequency range/band
	FR1/S-Band

	Antenna element pattern
	Table7.3-1 in TR 38.901

	Horizontal/vertical 3 dB beam width of single element (degree)
	126 for H
126 for V

	Antenna polarization
	Circular (RHCP or LHCP)

	Number of antenna elements 
	676 elements (26 x 26)

	Equivalent satellite antenna aperture
	2m

	Element maximum gain
	4 dBi

	Antenna maximum gain
	32.3 dBi

	Steering loss at 30° elevation angle 
	2.5 dB







Companies are encouraged to provide views on Proposal 1-1-v0:
	Companies
	Comments

	LGE
	For Set 1-1, 1-2, 1-3, the antenna maximum gain of 30 dBi is assumed. Then, when we change the antenna maximum gain into 32.3dBi, what will be the consequence for these sets. 

	ESA
	Concerning the maximum gain, it is most likely a typo. In our contribution, we reported 30.3 dB as the updated maximum gain with the new number of element in 2m aperture.

	Baicells
	The steering loss at 30° elevation angle is 3.5 to 4.0dB according to our source.   

	ZTE
	We do not see necessity of modification. The assumptions agreed in previous meeting will be impacted by the update. For example, by increasing 20 x 20 elements to 26 x 26 elements, the 3dB beam width will be reduced. Then the beam diameter may no longer be 50km. The 1058 footprint assumption and 3dB margin assumption may not hold. Then the efforts will be wasted.

	ESA
	@ZTE: probably there is a bit of confusion about the 3dB beam width. We have not changed the antenna aperture (i.e., 2 m), thus the on-ground beam diameter of 50km is unchanged in our proposal. Actually, the problem is with the current values in [] from the Athens’ meeting: as we have shown the previous values are generating a very sub-optimal antenna pattern with a lot of interference in the satellite field of view (e.g., grating lobes).
@Baicells: Your source is not mentioned in the contribution. On the other hand, we have reported the mathematical framework for the computation of the antenna pattern and public sources.

	Xiaomi
	We share similar concern as LGE.

	Ericsson
	Based on our understanding, 126 degrees may be OK for the Horizontal/vertical 3 dB beam width of single element. However, if we consider the neighbouring element and mutual coupling, 90 degree would be a reasonable choice for the Horizontal/vertical 3 dB beam width of single element. While building an array antenna array aspects due to mutual coupling effect should be considered as that may result in radiation pattern being squeezed together. Therefore, we propose to revise the following in Proposal 1-1-v0:
	Horizontal/vertical 3 dB beam width of single element (degree)
	90 for H
90 for V




	CATT
	For sake of parameter accuracy, we agree this change. Then the steering loss, beam gain and antenna size are aligned.


Topic#1-2 Preliminary SLS results
Companies’ contributions summary
The following proposals on Topic#1-2 are submitted to current RAN1 meeting:

	Companies
	Proposals/ Observations

	Thales
	Observation 7: Set1-2 FR1 with % simultaneously active beams of 1,5% requires SSB periodicity of at least 80ms. That is, a default periodicity of 20ms is not doable for such deployment scenario.
  
Observation 8: Set 1-1 and Set 1-3 FR1 with % simultaneously active beams of 10% increasing the SSB periodicity from up to 160ms allows an increase of the cell available capacity for user traffic and the cell throughput by 30%.

Observation 9: Set1-2 FR1 can work with a default SSB periodicity of 20ms if and only if the % simultaneously active beams is at least equal to 4.1% (only 394 beam are illuminated)

	vivo
	Observation 1: For LEO600km Set1-1 FR1, during the 20ms period of SSB, the total 1058 satellite beam footprints can be illuminated in sequence with the following beam hopping mechanism:
-2ms dwell time for each SSB pattern, 106 simultaneously activated beams, and 20ms revisit time contains 10 SSB patterns in a TDMed manner. In this mechanism, N2=N3=106, N1=952.
Observation 2: For LEO600km Set1-1 FR1, based on the system level simulation, it can be seen that the performance of UE, e.g., UPT or SE, is basically matched with the performance provided in TR38.821 (R17 NTN performance)
Observation 3: For LEO600km Set1-2 FR1, when SSB transmission, larger beam sizes can be considered to reduce the total number of beam footprints, e.g., beam size of 66km resulting in the 640 beam footprints in total.
Observation 4:  For LEO600km Set1-2 FR1 with 66km beam size, during the 20ms period of SSB, the total 640 satellite beam footprints can be illuminated in sequence with a properly designed beam hopping mechanism: 
-0.5ms dwell time for 1 SSB pattern with 16 simultaneously activated beams,  and 20ms revisit time contains 40 SSB patterns in a TDMed manner. In this mechanism, N2=N3=16, N1=624.
Observation 5: For LEO600km Set1-2 FR1, based on the system level simulation, it can be seen that the performance of UE, e.g., UPT or SE, is basically matched with the performance provided in TR38.821 (R17 NTN performance)
Observation 6: For LEO600km Set1-3 FR1 when using method1, during the 20ms period of SSB, the total 1058 satellite beam footprints can be illuminated in sequence with the following beam hopping mechanism 1: 
-0.5ms dwell time for each SSB pattern, 106 simultaneously activated beams, and 20ms revisit time contains 40 SSB patterns in a TDMed manner, four beams cover the same footprint area simultaneously. In this mechanism, N2=N3=106, N1=952.
Observation 7: For LEO600km Set1-3 FR1, when SSB transmission, smaller beam sizes can be considered to increase the total number of beam footprints, e.g., beam size of 35km resulting in the 2056 beam footprints in total.
Observation 8: For LEO600km Set1-3 FR1 with 35km beam size (method2), during the 20ms period of SSB, the total 2056 satellite beam footprints can be illuminated in sequence with the following beam hopping mechanism: 
-0.5ms dwell time for each SSB pattern, 106 simultaneously activated beams,  and 20ms revisit time contains 40 SSB patterns in a TDMed manner, two beams cover the same footprint area simultaneously. In this mechanism, N2=N3=106, N1=1950.
Observation 9: For LEO600km Set1-3 FR1, based on the system level simulation, it can be seen that the performance of UE, e.g., UPT or SE, is basically matched with the performance provided in TR38.821 (R17 NTN performance)


	OPPO
	Observation 1: For DL coverage evaluation at system level, the majority of beam footprints are in state “off”.
Observation 2: For LEO600 set 1-1/set 1-3, the coverage ratio of the beam footprints in state “common message only” and state “active traffic” can achieve 100% when 80%-90% beam footprints in state “off” is assumed.
· The coverage ratio larger than 100% implies that satellite resource exceeds demand.
Observation 3: For LEO600 set 1-2, most of scenarios can achieve 100% DL coverage except the high cell load scenario.
· Extending the revisit time or increasing satellite beam number per cell can be considered to improve the DL coverage at system level.
When the revisit time of the N3 beam footprints in state “active traffic” is 160ms, the coverage ratio can achieve 100% for all scenarios

	CATT
	Observation 1: Under the random beam scheduling method, the interference is more severe when the number of physical beams is 106 compared to that of 16 physical beams.
Observation 2: In realistic deployment of LEO 600km at FR1, if one satellite can provide 16 beams activation, the coverage ratio can be optimized from 6% to 96.9%.
Observation 3: In realistic deployment of LEO 600km at FR1, if one satellite can provide 106 beams activation, the coverage ratio can be optimized from 40% to 80.2%.


	CMCC
	Observation 8. No obvious difference between N2 and N3 is observed,
· N2 beam footprints can support at least system information and UE initial access with wide/narrow beam
· N3 beam footprints can support both active traffic and system information with narrow beam


	ZTE
	Observation 1: Based on the SLS evaluation results, it is observed that the number of active beams that can be dedicatedly used for N2 beam footprints is either zero or very limited.
Observation 2: The 1058 beam footprints cannot be served with a maximum revisit time of 20ms.
Observation 5: The gain of 4-SSB combination detection with respect to single-shot SSB detection is only 1dB with consideration of large timing drift and frequency drift in NTN.
Proposal 4: The single-shot SSB detection should be taken as the baseline for both system level and link level analysis.


	LGE
	Observation 1: The required simultaneously active beam ratio only for SSB with 15kHz SCS is at least 1.43% when the number of SSBs within 20msec periodicity is 1. For other DL transmission including common channels, the active beam ratio of 1.5% in Set 1-2 is not feasible. 
Observation 2: The required simultaneously active beam ratio only for SSB with 30kHz SCS is at least 0.71% when the number of SSBs within 20msec periodicity is 1. For other DL transmission including common channels, the active beam ratio of 1.5% in Set 1-2 could be feasible. However, it would be necessary to increase BW to be more than 5MHz since the BW of the SSB with 30kHz SCS occupies 7.2MHz. 
Observation 3: For more accurate CNR analysis to compare with the required SNR of DL channels/signals, the payload DL TX power per satellite beam and the antenna gain with respect to the azimuth angle associated with the UE position needs to be used to compute more accurate EIRP. 
Observation 4: Due to the limited beam width of the antenna gain pattern, even for the beam footprint with 50km diameter at the nadir, the edge area of the beam footprint would be out of the SSB coverage. To cover these edge areas, even in FR1, each beam footprint may need to support at least two SSB with different TX beams. 
Observation 5: When the wide beam footprint is supported with multiple active component beam footprints with the reduced TX power, the satellite still needs to support the case where a large number of beam footprints are simultaneously active. This approach may not be suitable for Set 1-2. 
Observation 6: When the wide beam footprint is supported with a single active component beam footprint due to the RF limit, the active beam ratio for SSB transmission only could be 0.38%. However, the SSB detection would not be guaranteed in the large portion of the wide beam footprint due to the limited beam width of the antenna gain main lobe. 
Observation 7: When the wide beam footprint is supported with a single active component beam footprint due to the RF limit, if the phased array antenna is used at the serving satellite, the SSB detection could be guaranteed. For the normal beam footprint with 50km diameter, the amplitude and the phase of each antenna elements need to be adjusted to minimize inter-cell or inter-beam footprint interference. 
Observation 11: The required simultaneously active beam ratio for SSB only is at least 1.25% for SSB with 120kHz SCS when the number of SSBs per beam footprint within 20msec periodicity is 4. For other DL transmission including common channels, the active beam ratio of 1.5% in Set 1-2 may not be sufficient. 
Observation 12: The required simultaneously active beam ratio for SSB only is at least 0.625% (or 0.3125%) for SSB with 120kHz SCS when the number of SSBs per beam footprint within 20msec periodicity is 2 (or 1, respectively). Even for other DL transmission including common channels, the active beam ratio of 1.5% in Set 1-2 would be sufficient. 
Observation 13: Due to the limited beam width of the antenna gain pattern, even for the beam footprint with 20km diameter at the nadir, the edge area of the beam footprint would be out of the SSB coverage. To cover these edge areas, each beam footprint may need to support at least two SSBs with different TX beams.

	Apple
	Observation 10: In LEO-600 set 1-1 and set 1-3 in FR1 with N1=N2=0 and N3=1058, the coverage ratio is 100%, with dwell time = 2 ms, revisit time = 20 ms and the periodicity of SSB and SIB1 = 20 ms. 

Observation 11: In LEO-600 set 1-1 and set 1-3 in FR1 with N1=0, N2=846 and N3=212, the coverage ratio is 100%, with dwell time = 6 ms (on N3 beam footprints), revisit time = 20 ms and periodicity of SSB and SIB1 = 20 ms.

Observation 12: In LEO-600 set 1-2 in FR1 with N1=N2=0 and N3=1058, the coverage ratio is 100%, with dwell time = 2.4 ms, revisit time = 160 ms and periodicity of SSB and SIB1 = 160 ms. 

Observation 13: In LEO-600 set 1-2 in FR1 with N1=0, N2=846 and N3=212, the coverage ratio is 100%, with dwell time= 8.4 ms (on N3 beam footprints), revisit time =160 ms and periodicity of SSB and SIB1 = 160 ms.

Observation 14: Increasing the default SSB periodicity significantly increases UE implementation complexity and leads to backward incompatibility issue.

Observation 15: In LEO-600 set 1-2 in FR1 with N1=N3=0 and N2= 320, the coverage ratio is 30%, with dwell time = 1 ms (on N2 beam footprints), revisit time = 20 ms and periodicity of SSB and SIB1 = 20 ms.


	MediaTek
	Observation 3: The synchronization raster and the subcarrier spacing of the synchronization block is defined separately for each band.

Observation 4: Using cell-defining SSB (CD-SSB) with periodicities larger than  20 ms has impact on latency and power consumption.
 
Observation 5: With larger periodicity of SSB of 160 ms and 4 SSB repetitions, UE will need blindly to attempt DL synchronization for each SSB raster and SCS in the satellite band for a duration of time up to 32 seconds, while the satellite may be visible for 2 to 4 minutes assuming GNSO orbit.


	Nokia, Nokia Shanghai Bell
	Observation 1: The different subsets leads to significant differences in user experienced throughput.
Observation 2: Areas covered by N1 cells without being covered by other cells will be considered without coverage.


	Panasonic
	Observation 1: We confirm that Beam hopping can significantly improve the SINR due to the sparse active beams although the transmission opportunity is reduced.  



Proposals on SLS results

SLS results will be discussed at RAN1#117.
Topic#1-3 Potential enhancements at system level
Companies’ contributions summary
The following proposals on Topic#1-2 are submitted to current RAN1 meeting:

The following proposals on Topic#1-3 are submitted to current RAN1 meeting:
	Companies
	Proposals

	Thales
	Proposal 2:
RAN1 to consider techniques/enhancement enabling an optimized Satellite beam illumination plan/beam hopping.
These enhancements should allow legacy UEs to be able to continue accessing a network implementing these new Rel-19 features, with the possible exception of techniques developed specifically for greenfield deployments.

Proposal 3:
The following potential enhancements may be considered to enable an optimized Satellite beam illumination plan/beam hopping:
· Adaptation of common signals and channels for an optimized Satellite beam illumination plan, such as:
· Static skipping one or more of SSB/SIB1 transmission
· Configuration/adaptation of longer periodicity of common signals and/or uplink random access opportunities e.g. Statically adapting the periodicity of SSB longer than 20ms up to 1280ms (with current maximum periodicity being 160ms)
Considering a maximum number of beams L equal to L=8 or higher in S-band.

	Huawei, HiSilicon
	Observation 2:  Beam hopping transmission of common control signal/channel within increased SSB periodicity increase the common control channel coverage ratio to improve system level coverage for all the three LEO600km satellite parameter sets.

Observation 3: Beam hopping transmission of common control signal/channel within increased SSB periodicity can also reduce the system common control channel overhead for all the three LEO600 parameter sets.
Observation 4: The UPT for traffic type of VoIP, IM and FTP3 can be improved, and meanwhile the cell throughput for IM and FTP is improved for Case 4 compared with Case 3 considering the reduced common control channel overhead. 
Observation 5: According to current specification, PBCH cannot be combined if the total time span exceeds 80ms.

Proposal 2:  Beam hopping transmission of common control signal/channel within increased SSB periodicity is supported to increase the system level coverage ratio in NR NTN.
Proposal 3: For NR NTN UE, the default SSB periodicity assumed by UE during initial access is enlarged to support higher system level coverage ratio in NR NTN.
Proposal 4:  At least SSB periodicity of 320ms are introduced in SIB1 for NR NTN UE to enable the wider system coverage in Rel-19 NR NTN


	Ericsson
	Proposal 9	RAN1 to discuss the impact on the legacy UEs due to the increased periodicity of SSB.

	Spreadtrum Communications
	Proposal 3: Beam scheduling in a TDM manner or beam hopping consider the specification impacts on the following activities in RRC IDLE/INACTIVE mode.
· RRM measurement
· System information updates
· Paging message reception
· RACH procedure
· SDT
Proposal 4:  The following two schemes for NES can be considered for achieving dynamic and flexible power sharing between satellite beams in RRC CONNECTED mode.
· Cell DTX
· Adaptation of transmission power of signals and channels


	InterDigital, Inc.
	Observation 1: NES Cell DTx and cell DRx mechanisms may provide a very suitable baseline for NTN scenarios to perform power sharing among satellite beams and to periodically activate and de-activate a subset of satellite beams.
Observation 2: Turning on and off the satellite beams in binary fashion may result in QoS degradations.
Observation 3: Satellite payloads need to perform flexible power sharing among the beams to keep a balance between the QoS provisioning and satellite power constraints.
Observation 4: Spatial domain adaptation techniques standardized in Rel-18 NES work may have very large overhead for NTN scenarios and use cases to adapt the beam footprint.
Observation 5: The UEs need to be indicated at least the gNB employed spatial domain adaptation to be able to successfully decode PDSCH when the network is employing spatial adaptations with or without power domain adaptations.

Proposal 1: The network can use NES cell DTx and cell DRx mechanisms to activate and de-activate satellite beams in a periodic manner.
Proposal 2: RAN1 to support flexible fractional power sharing among the satellite beams.
Proposal 3: Satellite beams may adapt spatial footprint based upon coverage requirements and active traffic without UE feedback.
Proposal 4: The network uses higher aggregation factor for PDCCH transmission while the satellite beams are in power sharing mode.
Proposal 5: PDCCH can be repeated multiple times to compensate the PDCCH coverage loss due to power sharing among the satellite beams.
Proposal 6: PDSCH can be transmitted with a higher number of repetitions with fractional power transmission from satellite beams. 


	vivo
	오류! 참조 원본을 찾을 수 없습니다.
오류! 참조 원본을 찾을 수 없습니다.
오류! 참조 원본을 찾을 수 없습니다.
오류! 참조 원본을 찾을 수 없습니다.


	CATT
	Proposal 4: For satellites with multiple physical beams, a reasonable beam scheduling scheme needs to be designed to reduce the interference.
Proposal 5: For satellites with multiple physical beams, the introduction of frequency reuse technology should be taken into account to reduce the interference.
Proposal 6: The beam hopping mechanism with SSB periodicity extension can effectively improve satellite coverage and should be considered in system level enhancement.


	Samsung
	Observation 6: SSB performance requirement could not be met for set 1-3 based on 5% percentile SINR result.  
Proposal 4: RAN1 does not consider SSB related all discussions in Rel-19. 
Conclusion 2: RAN1 deprioritizes set 1-3 for further system level study in Rel-19 NTN.


	CMCC
	Proposal 10. To improve the coverage ratio of active beams, extending the SSB periodicity may be required, and longer duration (e.g., 320ms) of SSB periodicity can be further discussed.
Proposal 11. To extend the coverage ratio, the following system level enhancements can be considered, 
· Spatial domain enhancements
· Broader/wide beam size to serve larger area based on the link level evaluation
· Time domain enhancements
· Long revisit period and illumination window for each beam should be defined to improve the coverage ratio


	Lenovo
	Proposal 4: Consider the impact of large propagation delay and dynamic DL Tx power change in addition to on-off pattern indication in R19 NR NTN.


	ZTE
	Proposal 1: To transmit necessary information for cell discovery and initial access, extending the default SSB periodicity to at least 640ms can be considered.

	Xiaomi
	Proposal 1:The following solutions can be studied to solve the SSB sweeping problem due to the limited simultaneously active beam ratio. 
· Solution 1: Increase the SSB number and change the SSB pattern for S band
· Solution 2: Associated the SSB index with the specific area/cell by NW implementation
· Solution 3: Change the UE’s assumption on default SSB periodicity for initial cell selection
Proposal 2: Time domain NES solutions such as on-demand SIB1, cell DRX/DRX can be studied for DL coverage enhancement in NTN.
Proposal 3: Beam based dynamic bandwidth adjustment for dynamic power sharing between beams can be studied for DL coverage enhancement in NTN.
Proposal 4: Beam based DL reference signal power indication can be studied for DL coverage enhancement in NTN.


	NEC
	Proposal 3: Support cell DTX in Rel-18 network energy-saving to be the study baseline of NR-NTN downlink coverage enhancement.


	LGE
	Observation 16: 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 17: 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 18: 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 could violate the active beam ratio of the serving satellite. 
Observation 19: 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 20: 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 4: 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.
· FFS: 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 (e.g., SIB19) 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. 


	Apple
	Proposal 6: RAN1 to deprioritize the increase of default SSB periodicity in NR. 

Proposal 7: RAN1 considers the system level downlink coverage enhancement, using Release 18 network energy saving techniques (e.g., cell DTX/DRX, etc.) with modifications to fit NR NTN (e.g., beam-based operations).


	Sharp
	Proposal 1: Link level results can be used to determine the maximum number of simultaneous transmitted beams for each channel type. 
Proposal 2: Beam groups should be defined based on the determined maximim number of simultaneous beams for SSBs and PBCHs, etc.
Proposal 3: An SSB index may be configured/associated with a beam group/pattern, which may be transparent to NTN UEs.
Proposal 4: For RACH procedure, methods of beam determination/reduction should be considered within a beam group to reduce the number of simultaneous beams for PDSCH Msg2, and Msg 4.
Proposal 5: Beam group/patterns can be defined for efficient gNB scheduling. A distributed beam pattern can reduce the interference among simultaneous transmitted beams.
Proposal 6: Active simultaneous transmitting beams can be limited within a beam group at any given time. DL monitoring pattern can be introduced to minimize the UE monitoring periods.


	MediaTek
	Proposal 1: For initial DL synchronization when satellite comes into coverage, the cell-defining SSB (CD-SSB) with periodicities up to 20 ms and single shot CD-SSB detection is used.

Proposal 2: After DL synchronization time and frequency is performed with single shot detection at the UE, larger periodicities with non-cell-defining SSB (NCD-SSB) of up to 160 ms with SSB offset 5 ms, 10 ms, 20 ms, 40 ms, and 80 ms can be considered.

Proposal 3: RAN1 to study potential impact of beams ON/OFF on procedures for DL synchronization, acquisition of system information for configuration of beams, and initial cell access via RACH procedure.
Proposal 4: RAN1 to study potential impact of beams ON/OFF on paging procedures.

Proposal 5: Wide beam should be ON to at least transmit CD-SSB and SIB1, and CORESET 0. Otherwise, there is no coverage on these wider beams, and no coverage on narrow beams within the wide beam.
Proposal 6: After initial DL synchronization and system information acquisition, initial cell access can be done on the wide beam re-using legacy specifications, or on narrow beams with NCD-SSBs.

	ETRI
	
Observation 3: Increasing the time period of common signals may be necessary.
Proposal 2: RAN1 to study whether the longer time period for common signals is necessary.


	Nokia, Nokia Shanghai Bell
	Proposal 4: RAN1 to study the mechanisms to inform UEs that a cell is to be switched off and coming back (cell state switches).


	NICT
	Observation 1:
Performance improvement can be expected by DL reception by multiple UEs.
Proposal 1:
DL reception by multiple UEs is to be considered as one of the DL coverage enhancement solutions.


	Qualcomm
	Observation 1: In NR NTN, UE reception of SIBs before the acquisition of satellite ephemeris (SIB19) may suffer larger timing and frequency offsets than in TN. The issue becomes more severe if SSB transmission periodicity is increased.

Observation 4: Rel-18 cell DTX does not allow flexible adaptation of cell DTX patterns. 

Proposal 4: Support the configuration of more than one cell DTX patterns to a UE.

Proposal 5: Support dynamic group-common signaling for the change of  cell DTX patterns. 


	NTT DOCOMO
	Proposal 5 (for conclusion):
· From RAN1 perspective, no system-level simulation/enhancement is necessary.

	Panasonic
	Proposal 1: Study the feasibility of active satellite beam switching. This includes semi-static switching and dynamic switching, e.g., every slot. 

Proposal 2: RAN1 should explore the connection between beam-hopping patterns and Cell DTX/DRX patterns.

Proposal 3: RAN1 to explore the impact of DTX/DRX per SSB beam and related UE IDLE/INACTIVE mode UE behavior.

Proposal 4: RAN1 may explore the need of on-demand beam-hopping interaction with R19 NES work item.





First round proposals on the potential enhancements at system level 

Based on the companies’ inputs on the potential enhancements at system level, the following proposal is made:

	Proposal 1-2-v0:

At least the following potential DL coverage enhancements at system level are for further study/evaluation:
· Extending the default SSB periodicity
· Using Release 18 network energy saving techniques (e.g., cell DTX/DRX, etc.) with modifications to fit NR NTN (e.g., beam-based operations):
· Support the configuration of more than one cell DTX patterns to a UE.
· Support dynamic group-common signaling for the change of cell DTX patterns.





Companies are encouraged to provide views on Proposal 1-2-v0:
	Companies
	Comments

	Qualcomm
	Agree

	Apple
	We are fine with the second bullet. For the first bullet, we need to examine the backward compatible issue and UE implementation complexity of the first bullet. 

	LGE
	On extending the default SSB periodicity, it will definitely postpone the initial access of the UE. Even with keep-trying detection instead of SSB repetition combining, the shorter default SSB periodicity would be useful to reduce the latency for the initial access procedure. 
When we study further the necessity of extending the default SSB periodicity, it would be necessary to reflect the negative impact on the latency of the initial access. 

On NES cell DTX/DRX operation, these techniques are used in RRC-CONNECTED in Rel-18 NES. Meanwhile, in our understanding, due to the limit of the RF or total aggregated EIRP of the satellite, such scheme may need to be extended to RRC-INACTIVE and/or RRC-IDLE as well. This aspect needs to be clarified first. 
Moreover, for the current cell DTX operation, the UE behaviour for monitoring PDCCH would be restricted based on the cell DTX pattern, but not SSB, PDSCH scheduled by DCI. In this case, even with cell DTX pattern, PDSCH transmission can increase the active beam ratio. That needs to be carefully investigated. 
Lastly, depending on the cell DTX pattern, the UE may not try to receive PDCCH even though the PDCCH schedules PDSCH carrying SIB19. As we know, when the UE does not receive SIB19, UL synch would be broken. Some modification needs to be studied. 

	DCM
	No. At least we do not agree this kind of proposal before necessity of system-level enhancement is discussed enough.
Besides, the first bullet is not aligned with the WID text, i.e., ‘SSB channel enhancement is not considered’. Longer SSB periodicity is proposal of non-backward compatibility, which should not be allowed.

	Spreadtrum
	For the second bullet, it looks like it's just focused on UE specific cell DTX/DRX configuration (i.e., cell DTX/DRX in RRC connected mode). In our view, cell DTX/DRX mechanism in RRC idle/inactive mode also should be considered in R19 NTN DL CE.

	Baicells
	For the SSB periodicity issue, we think what really matters is SSB pattern/case, or the number of SSBs in a period. They should be considered together if it is to be enhanced.

	Samsung
	For the first bullet, similar view with DCM. 
For the second bullet, we wonder how those aspects are related to each other. Also, support is not correct wording for evaluation assumptions. Besides, we don’t understand why a UE have multiple beam configurations because one satellite’s beam has very large size compared to TN. That’s why there is no motivation for UE having multiple beams. It is needed, then it can be up to gNB implementation. Also, we failed to understand what this aspect improves DL coverage, because cell DTX pattern is related power saving technique, not coverage enhancement technique. 

	Lenovo
	Regarding the first bullet on extending SSB periodicity, we also have concern on increase of access latency.
Regarding the second bullet, we think a difference between satellite legacy gNB should be considered. i.e. the satellite may not be able transmit control or data due to power restriction, while legacy gNB can do that but may not do that for power saving.

	TCL
	For the first bullet, which is not aligned with the WID. 
For the second bullet, before to make the decision, more discussion is needed.

	HONOR
	For the first bullet, which is not aligned with the WID.
We are fine with the second bullet.

	OPPO
	Share the similar with DCM that we should firstly focus on the system-level evaluation and identify the potential coverage issue. And the potential coverage enhancement at system level can be discussed later based on the evaluation results. 
In addition, for the first bullet, we share the similar view with Apple that the backward compatibility should be taken into account.

	ZTE
	Agree with the first bullet. 
Regarding second bullet, the NES enhancements are only applicable for connected state, and some of them are for SCell while in NTN all cells are PCell. The mapping relationship between beams and cells are also pending. Hence, it can be discussed at later stage after agreeing the assumption of beam hopping and UE behaviour in initial access.

	vivo
	For the first bullet, we think we should have more comprehensive system-level analyses before considering the necessity to extend the SSB periodicity. 
Moreover, although companies are free to study any solution, e.g., extending the SSB periodicity, the performance degradation should be evaluated and reported, e.g., the time and frequency tracking error due to the extended SSB periodicity, etc.

	Xiaomi
	For default SSB periodicity extension, it will increase the latency for UE accessing the network. Increasing the SSB number within a period can also solve the problem, for example, increasing the SSB number within a SSB burst for S band, or associated the same SSB index with different beam footprints by NW implementation. 

	Panasonic
	We are fine with the direction of the proposal. We note that SSB enhancement is not in the scope of the WID.

	Nokia
	For the first bullet it is not aligned with the WID. On top of this, changing the SSB periodicity would create problems with backwards compatibility.
Additionally, the second bullet may need a bit more study. To our understanding applying Cell DTX/DRX is mainly (only) targeted SCell. Is the target here to create a hierarchical cell structure, where an “umbrella cell” is providing the SPCell functionality? Otherwise, it is questionable whether this concept is feasible within the topic of coverage enhancements.

	Ericsson
	For the first bullet, we share the view that is not in-line with the scope of WID.
For the second bullet, further discussion may be needed as there are comments raised by multiple companies.


	CATT
	We agree the first bullet.
For the second bullet, there has not sufficient result to prove the gains. Moreover, since it is related to Rel-18 techniques, we can discuss it later if it can be transplanted to NTN.

	Huawei, HiSilicon
	Agree with the first bullet. We don’t buy the argument that the first bullet is out of WID. WID only mentions that the SSB channel structure shall not be changed. The first bullet only discuss the periodicity to transmit the SSB.
For the second bullet, we only prefer to keep the main bullet, as the solutions of NES for NTN has not been fully studied, and the solutions will also be impacted by the SLS results.

	CEWiT
	We agree the second bullet point. The SSB enhancement is not in line with the agreement established during the RAN Plenary meeting. If there are enhancements, backward compatibility must be ensured.

	MediaTek
	On first bullet, it needs more discussion on backward compatibility. It should be clarified that default SSB periodicity is 20 ms for initial DL synchronization and initial cell access. The system-level. Same view as DCO on need to discuss for more discussions on system-level enhancements.
On second bullet, more discussions needed. 




Link Level Study (LLS)
Topic#2-1 Parameters for LLS
Companies’ contributions summary

The following proposals on Topic#2-1 are submitted to current RAN1 meeting:

	Companies
	Proposals

	Thales
	Proposal 5: Antenna gain reduction due to steering loss is not considered in the link level evaluation

Proposal 6:
SSB coverage performance should be evaluated. The following assumptions are considered:

	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz
4 can be optionally considered and reported 

	Periodicity
	Case 1: 20ms, Case 2: 80ms, Case 3: 160ms, Case 4: Longer duration (TBD)

	Combination of SSBs
	4 combinations could be considered for case 1

	Other parameters
	Reported by companies.



Proposal 7:
For coverage evaluation of PDSCH in NR NTN, the following table is assumed:

	Parameter
	Value

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	HARQ configuration
	Whether/How HARQ is adopted is reported by companies.

	DMRS configuration
	3 DMRS symbols is used for PDSCH of Msg.2.
For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
PDSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	PRBs/TBS/MCS for data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.
QPSK

	PDSCH duration
	12 OS

	Payload size for PDSCH of Msg.4
	1040 bits

	Other parameters
	Reported by companies.

	Other parameters
	Reported by companies

	
Note: For PDSCH evaluation, SIB1 should be treated with same way as Msg4 PDSCH since the combination of SIB1 is not mandatory from UE perspective




Proposal 8:
For coverage evaluation of PDCCH in NR NTN, the following table is assumed:

	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Aggregation level
	8

	Payload
	40 bits

	CORESET size
	3 symbols, 24 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER
optional for 10% BLER

	Number of SSB for broadcast PDCCH of Msg.2
	Reported by companies

	Other parameters
	Reported by companies




	Huawei, HiSilicon
	
Proposal 5: Time drift caused by Doppler frequency offset should be considered in the LLS assumption for PSS detection. 


	Ericsson
	Proposal 7	Given that the CNR value is relatively lower for Set 1-3, RAN1 to revisit the setting of Set 1-3 or to prioritize Set 1-1/1-2 in the study.
Proposal 8	RAN1 to consider the settings in Table 5 for PDCCH link-level simulation in the study of downlink coverage enhancements.


	OPPO
	Proposal 2: For SSB and SIB coverage evaluation, the combination of 4 SSBs and 8 SIBs are respectively considered in the link level simulation.


	CATT
	Proposal 7: For link level evaluation, it is suggested to take the table 4 as the baseline for link budget analysis.


	Samsung
	Proposal 1: Further discuss the value of EIRP value based on SSB performance results and steering losses.
Conclusion 5: RAN1 deprioritizes set 1-3 for further link level study in Rel-19 NTN.

	CMCC
	Proposal 1. The DL coverage performance for PDSCH carrying SIB1, SIB19 and paging should be evaluated for the DL coverage. The assumption of payload of those channels should be discussed and clarified. 
Proposal 2. The parameter tables for coverage evaluation of PDSCH/PDCCH in NR NTN agreed in R18 NR NTN can be referred for the simulation of NTN DL coverage performance.
Proposal 3. For the phased array antenna parameters for LEO 600km in FR1, confirm 4dB steering loss as a baseline for evaluation.


	Lenovo
	Proposal 1: For link level evaluation assumption of PDCCH and PDSCH, reuse the agreement in RAN1#109.
Proposal 2: Support the link level simulation assumption for SSB proposed in RAN1#116 FL summary.


	Xiaomi
	Observation 1: The payload assumption for SIB1 and SIB19 need to be defined for further evaluation.


	Apple
	Observation 7: The payload size of SIB1 could be more than 1000 bits and there is no repetition on PDSCH carrying SIB1. The payload size of SIB19 could be more than 600 bits and there is no repetition on PDSCH carrying SIB19. 


	Nokia, Nokia Shanghai Bell
	Proposal 1: RAN1 to prioritize FR1 in the downlink coverage enhancements studies for Rel-19.




First round proposals on LLS parameters

On SSB evaluation/PSS detection Huawei observed that 3.4 dB coverage gap is observed for PSS detection in LEO set1-3 due to the very low EIRP density and proposed that time drift caused by Doppler frequency offset should be considered in the LLS assumption for PSS detection. OPPO proposed the combination of 4 SSBs and 8 SIBs for SSB and SIB coverage evaluation respectively. Lenovo  is supportive of the link level simulation assumption for SSB proposed in RAN1#116 FL summary.

On PDSCH and PDCCH evaluation: CMCC and Xiaomi: The assumption of payload of PDSCH carrying SIB1, SIB19 and paging should be discussed and clarified. CMCC and Lenovo proposed that the parameter tables for coverage evaluation of PDSCH/PDCCH in NR NTN agreed in R18 NR NTN can be referred for the simulation of NTN DL coverage performance. According to Apple the payload size of SIB1 could be more than 1000 bits and there is no repetition on PDSCH carrying SIB1. The payload size of SIB19 could be more than 600 bits and there is no repetition on PDSCH carrying SIB19.

On the phased array antenna parameters: for active antenna steering loss CMCC proposed to confirm 4dB steering loss as a baseline for evaluation. Thales proposed to not consider antenna gain reduction due to steering loss in the link level evaluation.

On the reference scenarios: Ericsson proposed to revisit setting of Set 1-3 or prioritize Set 1-1/1-2 in the study. Samsung proposed to deprioritize set 1-3. Nokia proposed to prioritize FR1 in the downlink coverage enhancements studies for Rel-19.

Based on the above discussion, the following proposals related to the parameters to be used for LLS are made: 
Parameters for SSB coverage evaluation 

	Proposal 2-1-v0:
SSB coverage performance should be evaluated. The following assumptions are considered:

	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz
4 can be optionally considered and reported 

	Periodicity
	Case 1: 20ms, Case 2: 80ms, Case 3: 160ms, Case 4: Longer duration (TBD)

	Combination of SSBs
	4 combinations could be considered for all cased

	Doppler FO for PSS
	24ppm

	CFO for PBCH
	0.1 ppm

	Other parameters
	Reported by companies.


Note: time drift caused by Doppler frequency offset should be considered in the LLS assumption for PSS detection





Companies are encouraged to provide views on Proposal 2-1-v0:
	Companies
	Comments and Views

	Qualcomm
	Support in principle: Combination of 4 SSBs is only possible for Case 1.

	Apple
	We are not sure if we need this proposal since SSB enhancement is not in scope of the WID. 
Also, Case 4 is not in existing specification, and we do not need it.

	DCM
	Agree with Apple.
Besides, we are not sure why ‘doppler FO for PSS’ is necessary while R18 discussion did not include this assumption.

	Baicells
	Combination of SSBs is only fit for short periodicity. 

	Samsung
	Similar view with Apple and DCM. Also, only case 1 is feasible from our understanding because it is default periodicity. 

	TCL
	Similar as Apple.

	OPPO
	We share the similar view with Apple and DCM that the doppler FO for PSS is not considered in R18 NTN evaluation, so the parameter related to doppler shift should be removed.

	ZTE
	The timing drift should also be considered. And the timing drift can be larger than 24ppm, e.g., over 40ppm, since the feeder link Doppler will also contribute to the total timing drift.
Moreover, considering the variation of SFN field in PBCH, 4 combination may not be available for all cases even if it is considered. For evaluation of 4 combination, the Doppler FO and timing drift should be considered as they will have significant impact on the performance.

	Vivo
	Maybe the intention of this proposal should be clarified first. If, according to the WID, no modification to the SSB channel is considered, then why LLS assumption is discussed?

	Xiaomi
	Agree with Qualcomm and Baicells that 4 combination could only be considered for case 1.

	Panasonic
	Similar as Apple.

	Nokia
	Minor spelling error: Cased  cases.
Doppler FO for PSS should only be applicable for initial access. Subsequent readings of PSS (even for neighbours) will assume that the UE knows the neighbour cell ephemeris (either same satellite or neighbouring satellite). For those cases the PPM can be lowered to 0.1 ppm, or at least split the FO for PSS into two cases (initial access/cold start and “UE understands satellite information”).

	Ericsson
	We share the view that SSB enhancement is not in scope of the WID. Hence, we can consider only the case of 20 msec periodicity for SSB with 4 PBCH combinations of the same SSB block index processed over 80 msec in the Rel-19 coverage evaluations, similar to the settings considered in the Rel-18 discussion.

	CATT
	We agree with QC and ZTE views. The combination of SSB would be problematic for more than 80ms. 
Moreover, when the period is larger, the timing drift and Doppler shift should be carefully modelled.

	Huawei, HiSilicon
	1. The WID only excludes SSB channel enhancement itself. The SSB periodicity can be always discussed. 
2. In principle, combining PBCH is only possible for Case 1, but PSS for DL synchronization can be combined with longer periodicity. 
3. We agree with the assumption of doppler FO, as for the initial access, without information of ephemeris, doppler FO cannot be eliminated. 


	CEWiT
	The SSB enhancement is not considered in the agreement established during the RAN Plenary meeting as it is mentioned by Apple.

	MediaTek
	4 SSB combination should only be considered with case 1. 



Parameters for PDSCH coverage evaluation 

	Proposal 2-2-v0:
For coverage evaluation of PDSCH in NR NTN, the following table is assumed:

	Parameter
	Value

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	HARQ configuration
	Whether/How HARQ is adopted is reported by companies.

	DMRS configuration
	3 DMRS symbols is used for PDSCH of Msg.2.
For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
PDSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	PRBs/TBS/MCS for data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.
QPSK

	PDSCH duration
	12 OS

	Payload size for PDSCH of Msg.4
	1040 bits

	Payload size for PDSCH of SIB19
	600 bits

	Other parameters
	Reported by companies.

	Other parameters
	Reported by companies

	
Note: For PDSCH evaluation, SIB1 and SIB19 should be treated with same way as Msg4 PDSCH since the combination of SIB1 is not mandatory from UE perspective







Companies are encouraged to provide views on Proposal 2-2-v0:
	Companies
	Comments and Views

	Qualcomm
	Need to be discussed further

	Apple
	Agree

	LGE
	After reviewing the contribution, for active beam ratio analysis of Set 1-2, some companies assumes that the shorter PDSCH duration for common signalling. This kind of assumption needs to be aligned even for link level parameters. So, 12 OS can be seen as a baseline, but it would be also need to allow to evaluate the shorter PDSCH duration at least for Set 1-2. 

	DCM
	OK, and payload size of Msg2 also should be agreed (as 72).

	Lenovo
	Agree.

	OPPO
	Regarding the note, 8 SIB combinations can be considered.

	ZTE
	For SIB19, when the NTN parameters of 4 neighbour cells are included, the payload can be over 1000 bits. Hence, the assumption of SIB19 need to be further discussed. And the assumption of SIB1 payload size may also be needed in evaluation.

	Nokia
	Agree

	Ericsson
	We also need to agree the payload sizes for other cases including MSG2, SIB1.

	CATT
	SIB1 payload size is missed, so we think it should be added.

	CEWiT
	Agree




Parameters for PDCCH coverage evaluation 

	Proposal 2-3-v0:
For coverage evaluation of PDCCH in NR NTN, the following table is assumed:

	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Aggregation level
	8

	Payload
	40 bits

	CORESET size
	3 symbols, 24 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER
optional for 10% BLER

	Number of SSB for broadcast PDCCH of Msg.2
	Reported by companies

	Other parameters
	Reported by companies






Companies are encouraged to provide views on Proposal 2-3-v0:
	Companies
	Comments and Views

	Qualcomm
	Agree

	Apple
	Fine in general. The CORESET size could be 2 symbols since it is sufficient to support AL=8.

	LGE
	After reviewing the contribution, for active beam ratio analysis of Set 1-2, some companies assumes that the shorter CORESET duration for common signalling. This kind of assumption needs to be aligned even for link level parameters. So, 2 OS can be also considered.

	DCM
	2 symbols should be applied according to the previous proposal, where 12 symbols PDSCH is assumed.

	Lenovo
	Agree.

	TCL
	CORESET with 2 symbols can also need to consider. 

	OPPO
	Agree.

	ZTE
	Fine with the proposal.

	Nokia
	Agree

	Ericsson
	We share the view of CORESET size corresponding to 2 symbols and 24 PRBs should be considered. Also, in Proposal 2-3-v0, 12 symbols are used for PDSCH, which means 2 symbols for PDCCH.

	CATT
	Agree

	Huawei, HiSilicon
	RAN2 has similar discussion of SIB19 payload, should be further checked with RAN2.

	CEWiT
	Consider the CORESET size as 2 symbols instead of 3 symbols



Antenna gain reduction due to steering loss


	
Proposal 2-4-v0: 
Antenna gain to be considered at 30° elevation angle for the link level evaluation is equal to 30dBi





Companies are encouraged to provide views on Proposal 2-4-v0 within the following table:
	Companies
	Comments and Views

	Qualcomm
	The intention of the proposed agreement is unclear. Does it mean the steering loss is already included in the existing reference parameter sets?

	Apple
	Agree. It is aligned with the assumptions made in Rel-18 UL coverage enhancement. 

	LGE
	What is the relation with Proposal 1-1-v0 which tries to change the antenna maximum gain into 32.3 dBi instead of 30dBi? 

	DCM
	Same comment with QC.

	Baicells
	It is related to Proposal 1-1-v0 for the case of phased array antenna. 
Another way to describe the issue of TX power/antenna gain/EIRP is just to assume that all beams have same EIRP density by power sharing not matter the elevation angle.

	Lenovo
	Same question as LGE.

	TCL
	Same comment with QC.

	ETRI
	Same with QC. It needs to clarify the assumption on the steering loss and the antenna gain. 

	ZTE
	The intention may need to be further clarified.

	Xiaomi
	Support to assume the antenna gain is 30dBi for link level evaluation. The relationship with Proposal 1-1-v0 should be clarified.  

	Nokia
	Intention of this proposal needs further clarification.

	Ericsson
	As mentioned by multiple companies, the intention of the proposal is unclear.

The discussion may be mainly to address the FFS from the following agreement made in RAN1#116. If the outcome is to apply antenna gain reduction due to steering loss, then one can use the value for the same from Proposal 1-1-v0.
Agreement
DL coverage is evaluated at link level with the following considerations:
· NGSO at LEO-600 operating in FR1 is considered in priority
· Additional satellite payload parameters defined for system level evaluation are used
· FFS: Antenna gain reduction due to steering loss can be considered 


	CATT
	Agree. This is aligned with Proposal 1-1-v0. 

	Huawei, HiSilicon
	Maybe we could directly conclude that the EIRP density agreed in Set 1-1/1-2/1-3 can be directly used for link level evaluation without considering the steering loss, which can be handled by satellite, e.g. by power compensation. 



Tpoic#2-2 Preliminary LLS results
Companies’ contributions summary

The following proposals on Topic#2-1 are submitted to current RAN1 meeting:

	Companies
	Proposals

	Thales
	Observation 10: The Carrier-to-noise ratio (CNR) for the satellite payload parameters Set 1-1, Set 1-2 and Set 1-3 is equal to  -1,89 dB, -1,89 dB and -9,89 dB respectively.
Observation 11: 
For PDSCH with 3 kbps with parameter Set-1-1/ Set-1-2/ Set-1-3 for LEO-600 operating at LOS the existing specification can meet the performance requirement.

Observation 12: 
For PDSCH with 1 Mbps with parameter Set-1-3 for LEO-600 operating at LOS the existing specification cannot meet the performance requirement with a gap of -5,29 dB.

Observation 13: 
For PDSCH with VoIP with parameter Set-1-1/ Set-1-2/ Set-1-3 for LEO-600 operating at LOS the existing specification can meet the performance requirement.

Observation 14: 
For PDCCH with parameter Set-1-3 for LEO-600 operating at LOS the existing specification cannot meet the performance requirement with a gap of -2,19dB.


	Huawei, HiSilicon
	Observation 6: With parameter LEO60km Set1-1 and 1-2 considered, no coverage gaps are found for all DL channels.
Observation 7: 3.4 dB coverage gap is observed for PSS detection in LEO set1-3 due to the very low EIRP density.


	Ericsson
	Observation 8	The CNRs for Set1-1/Set1-2 and Set 1-3 are computed as -1.88 dB and -9.88 dB, respectively, which translates to -5.88 dB and -13.88 dB, respectively, when the 4 dB beam steering loss is applied.
Observation 9	Due to the relatively lower satellite EIRP density per beam, Set 1-3 provides lower CNR value. This leads to the reduction in the link margin and hence the downlink coverage performance.
Observation 10	From preliminary link budget evaluations on DL physical channels, the link margin of SSB (which is a DL physical channel that shall be detected during initial access) was used as reference, and then link margin difference between SSB and other DL physical channels was estimated as follows: ΔSSB-PDCCH ~ +2.56 dB , ΔSSB-PDSCH ~ -1.7 dB (meaning Msg2 PDSCH outperforms SSB), ΔSSB-PDSCH_Msg4 ~ +2.2 dB, and ΔSSB-PDSCH_low_data_rate ~ +2.1 dB.
Observation 11	Overall DL is not a bottleneck since typically there is a large coverage margin between SSB and the UL physical channels (e.g., PUSCH), thus the coverage enhancement target in dB can be moderate aiming at enhancing the DL channels or the most imbalanced DL channel with respect SSB (otherwise DL and UL might become even more imbalanced).

	Spreadtrum Communications
	Observation 1: For Set1-1 FR1/ Set1-2 FR1, coverage enhancement on PDCCH is unnecessary.
Observation 2: For Set1-3 FR1, coverage enhancement on PDCCH can be considered due to the 2.6 dB coverage gap.
Observation 3: For Set1-1 FR1/ Set1-2 FR1/ Set1-3 FR1, coverage enhancement on PDSCH for Msg2 is unnecessary since there is no coverage gap.
Observation 4: For Set1-1 FR1/ Set1-2 FR1/ Set1-3 FR1, coverage enhancement on PDSCH for Msg4 is unnecessary since there is no coverage gap.
Observation 5: For Set1-1 FR1/ Set1-2 FR1, coverage enhancement on PDSCH for VoIP is unnecessary since there is no the coverage gap.
Observation 6: For Set1-3 FR1, coverage enhancement on PDSCH for VoIP should be considered due to the 1.4 dB coverage gap.
Observation 7: For Set1-1 FR1/ Set1-2 FR1/ Set1-3 FR1, coverage enhancement on PDSCH for low date rate service is unnecessary since there is no coverage gap

	vivo
	Observation 10: For LEO600km Set1-1 FR1, based on link budget analysis, no channel needs to be enhanced if 0.013dB loss is considered.
Observation 11: For LEO600km Set1-2 FR1 with 66km beam size, based on the link budget analysis, only PDSCH Msg4 suffers performance loss if an additional 3.64 dB loss is considered, while the performance loss can be easily solved by enabling retransmission.
Observation 12: For LEO600km Set1-3 FR1, based on link budget analysis of method1, no channel need to be enhanced if 2dB loss is considered.
Observation 13: For LEO600km Set1-3 FR1, based on the link budget analysis of method2, only PDSCH Msg4 suffers performance loss if an additional 3.69 dB loss is considered, while the performance loss can be easily solved by enabling retransmission.


	Google
	Proposal 4: Compared to the coverage enhancement for PDSCH scheduled by non-fallback DCI, the coverage enhancement for PDSCH scheduled by DCI format 1_0 should be deprioritized.


	OPPO
	Proposal 3: RAN1 to consider link-level enhancement of PDCCH and Msg4 PDSCH.
Observation 4: For LEO600 set1-1 and set1-2, there is no coverage issue for DL physical channels and at least 2.6 dB link margin is obtained.
Observation 5: For LEO600 set1-3, PDCCH and Msg4 PDSCH present 4.3 dB and 5.4 dB coverage performance gap respectively to be compensated, so link level enhancements are needed.


	CATT
	Observation 4: SSB detection requires SNR about -5.5 dB, with 3.6 dB margin compared to CNR for LEO-600km set1. 
Observation 5: SSB combination is not suitable in the initial access due to larger Doppler shift.
Observation 6: PDCCH channels can meet the link budget result of CNR=-1.9dB, and do not require link-level enhancement.
Observation 7: All cases of PDSCH can meet the link budget requirement of CNR=-1.9dB, and do not require link-level enhancement.


	Samsung
	Observation 1: For set 1-1 and set 1-2, CNR range is -5.93dB to -10.93 dB and these sets may or may not meet SSB’s performance requirement according to the assumption of steering loss. 
Observation 2: For set 1-3, CNR range is -13.93dB to -18.93dB and this set cannot meet SSB’s performance requirement regardless of the assumption of steering loss. 
Observation 3: PDSCH (Msg 2) performance requirement can be met for set 1-1 and set 1-2.
Observation 4: PDSCH (Msg 4) performance requirement cannot not be met for set 1-1 and set 1-2. 
Observation 5: PDCCH and PDSCH (SIB1) performance requirements may or may not be met for set 1-1 and set 1-2 depending on the steering loss assumption.  


	CMCC
	Observation 1. Considering NR NTN DL link budget results for LEO-600 with different satellite parameter sets, LEO-600 Set 1-3 provides the lowest CNR for DL.
Observation 2. Regarding LEO-600 Satellite with Set 1-1/1-2 parameters in LOS environment, when steering loss is not considered, there is no coverage gap of DL physical channels even with -5.5dBi UE antenna gain.
Observation 3. For DL coverage performance of LEO-600 Satellite with Set 1-1/1-2 parameters in LOS environment, when steering loss is considered, there would be a coverage gap for PDSCH carrying SIB1, Msg4 PDSCH and PDSCH for 1Mbps low data rate service.
· To support PDSCH carrying SIB1 with large payload size, about 2.81dB coverage gap needs to be enhanced.
· To support low-data rate service with 1Mbps target rates, 3.73dB coverage gap needs to be enhanced for PDSCH in connected mode.
· Msg4 PDSCH may need enhancements by 0.49 dB gap.
Observation 4. For LEO-600 satellite with Set1-3 parameters, even without additional loss, there are coverage gaps for PBCH by single SSB detection, PDSCH carrying SIB1, PDCCH, Msg4 PDSCH, PDSCH for 1Mbps low-data rate services.
· For initial access, PDSCH carrying SIB1 may need to be enhanced with about 6.81 dB coverage gap, and Msg4 PDSCH needs to be enhanced with 4.49 dB coverage gap.
· To support 1Mbps low-data rate service, 7.73 dB coverage gap needs to be enhanced for PDSCH.
· DL coverage needs to be enhanced with 3.52 dB for PDCCH.
Observation 5. For LEO-600 in FR1, with default 20ms SSB periodicity, 4 SSBs combination can provide better coverage performance and coverage margin is observed for different satellite parameters.
Observation 6. Some channels, e.g. PBCH with 4 SSB combination detection, can provide additional margins to support wider beams.
Observation 7. Additional SSB detection, e.g. SSB combinations, within the illumination window would facilitate the UE implementation for the DL synchronization. 

Proposal 4. When additional loss is not considered, DL coverage enhancements are not required for LEO-600 with Set 1-1/1-2 satellite parameters to serve the target service.
Proposal 5. When additional steering loss is considered, for LEO-600 with Set 1-1/1-2 satellite parameters, coverage enhancements are needed for PDSCH carrying SIB1, Msg4 PDSCH and PDSCH to support 1Mbps low data rate service.
Proposal 6. To support target services under LEO-600 scenario with set1-3 reference parameters, DL coverage enhancements need to be considered for PBCH, Msg4 PDSCH and PDSCH.
Proposal 7. For the detection of SSBs in NR NTN, 4 SSB combinations can be considered to improve the coverage performance.
Proposal 8. Additional SSB detection, e.g. SSB combinations, within the illumination window should be considered to facilitate the UE implementation for DL synchronization.


	ZTE
	Observation 3: The CNR for LEO-600 with 30-degree elevation angle is -1.9dB for set-1-1 and set 1-2, and -9.9dB for set-1-3.
Observation 4: For SSB detection, large frequency offset and timing drift should be considered since no compensation can be performed in initial DL synchronization.
Observation 5: The gain of 4-SSB combination detection with respect to single-shot SSB detection is only 1dB with consideration of large timing drift and frequency drift in NTN.
Observation 6: The required SNR for single-shot SSB detection is -5.9dB, which shows an SNR margin of 4 dB with respect to CNR for LEO-600 set 1-1 and set 1-2, but not lower than CNR for LEO-600 set 1-3. Even with 4-SSB combination, the required SNR is around -6.9 dB, which is still lower than CNR for set 1-3.
Proposal 4: The single-shot SSB detection should be taken as the baseline for both system level and link level analysis.
Observation 7: The required SNR for PDCCH is about -6.8 dB with single repetition, which shows an SNR margin of 4.9 dB with respect to CNR for LEO-600 set 1-1 and set 1-2, but not lower than CNR for LEO-600 set 1-3.
Observation 8: The required SNR for Msg2 PDSCH is about -11.2 dB, which shows an SNR margin of 9.3 dB with respect to CNR for LEO-600 set 1-1 and set 1-2, and 1.3 dB with respect to CNR for LEO-600 set 1-3.
Observation 9: The required SNR for Msg4 PDSCH is about -4.5 dB, which shows an SNR margin of 2.6 dB with respect to CNR for LEO-600 set 1-1 and set 1-2, but not lower than CNR for LEO-600 set 1-3.
Observation 10: The required SNR for PDSCH of VoIP with 2 repetitions is about -10.8 dB, which shows an SNR margin of 8.9 dB with respect to CNR for LEO-600 set 1-1 and set 1-2, and 0.9 dB with respect to CNR for LEO-600 set 1-3.
Observation 11: The performance of 3kbps data service can be better than VoIP due to lower data rate. The performance of 1Mbps data service will be similar to Msg4 PDSCH without repetition due to similar data rate.

	Xiaomi
	Observation 2: For Set1-1 FR1 and Set1-2 FR1, there is no bottleneck channel.
Observation 3: For Set1-3 FR1, the DL channels including PDCCH, Msg4 PDSCH, SIB1 PDSCH and SIB19 PDSCH need to be enhanced.


	Baicells
	Observation 1: For LEO600km in FR1 (i.e., S-band), when elevation angle is 30 degree, CNR at the receiver are as following:

	
	LEO600km Set 1-1 FR1 (i.e., S-band)
	LEO600km Set 1-2 FR1 (i.e., S-band)
	LEO600km Set 1-3 FR1 (i.e., S-band)

	Satellite EIRP density /beam (dBW/MHz)
	34
	26

	CNR (dB) 
without considering steering loss
	-1.4
	-9.4

	CNR (dB) 
With steering loss = 4dB
	-5.4
	-13.4




Observation 2: Required SNR for PDSCH can be as low as from -9.0 to -13dB. But the required SNR for SSB does not have much flexibility.

Observation 3: Comparing the required SNR with the CNR for 30 degree elevation angle, For Set 1-1 FR1 and Set 1-2 FR1, CNR can be met the SNR requirement. But Set 1-3 FR1 can not met.


	Apple
	Observation 1: For LEO-600 set-1 satellite parameters, the CNR for reference satellite parameters set 1-1 and set 1-2 are -1.90 dB and the CNR for reference satellite parameters set 1-3 is -9.90 dB.

Observation 2: At 2% BLER, the required SNR for PDSCH with VoIP is -12.7 dB with 7 PRBs for 8 repetitions.

Observation 3: At 10% BLER, the required SNR for PDSCH with 3 kbps is -10.4 dB with 1 PRB and 120/1024 coding rate with 8 repetitions.

Observation 4: At 10% BLER, the required SNR for PDSCH with 1 Mbps is -4.9 dB with 25 PRBs and 193/1024 coding rate without repetition.

Observation 5: At 10% BLER, the required SNR for Msg2 PDSCH is -6.1, -8.8 and -11.2 dB, with 3, 6 and 12 PRBs, 3 DMRS symbols and 120/1024 coding rate with scaling factor of 1, ½ and ¼, respectively.

Observation 6: At 10% BLER, the required SNR for Msg4 PDSCH is -4.8 dB, -7.4 dB and -10.0 dB with 23 PRBs and 193/1024 coding rate with repetitions of 1, 2 and 4, respectively.

Observation 8: With 5 MHz maximum bandwidth per beam, the largest supported aggregation level for PDCCH is 8.

Observation 9: PDSCH with 1 Mbps, PDSCH Msg2 (scaling factor of 1 or ½), PDSCH Msg4 and PDCCH have the following coverage gaps for LEO-600 set 1-3 parameters:
· PDSCH with 1 Mbps: 5.0 dB
· PDSCH Msg2 with scaling factor of 1: 3.8 dB
· PDSCH Msg2 with scaling factor of ½: 1.1 dB
· PDSCH Msg4 and PDSCH carrying SIB1: 5.1 dB
· PDCCH: 2.0 dB



	MediaTek
	Observation 1: For set 1-1 and set 1-2, there is no issue for coverage of the DL physical channels, as the minimum SNR is around -1.9 dB. 

Observation 2: For set 1-3, with a low value of minimum SNR of -9.9 dB some DL coverage enhancements may be needed for some DL physical channels – i.e.  PDCCH and Msg4 PDSCH.


	CEWiT
	Observation 1: The CNR values for Set 1-1 and Set 1-2 parameters is -1.9dB and for set 1-3 parameters is -9.9dB.

Observation 2: The simulation results yield a required SNR value of -5.38dB for 1% target BLER of PDCCH with 8 CCE aggregations.

Observation 3: For PDCCH with AL 8 has a coverage gap of -4.52dB for the set 1-3 parameters with LEO 600 satellites. 

Proposal 3: In the NTN DL coverage enhancement, link level improvement should be consider considering reduced EIRP per beam for practical deployment case. Link level enhancement should target 5 dB improvement at least for the PDCCH channel

	Nokia, Nokia Shanghai Bell
	Observation 3: From the link-budget analysis, as was expected, Set1-3 FR1 leads to a smaller CNR value.  
Observation 4: SSB is out of scope for the DL coverage enhancements, but should establish the baseline for evaluation of channels in potential need for DL coverage enhancements.
Observation 5: The channels that may need DL coverage enhancements are PDCCH AL8, PDSCH carrying SIB1 and PDSCH carrying Msg4.

Proposal 5: RAN1 to focus on PDSCH carrying SIB1 for DL coverage enhancements.
Proposal 6: RAN1 to focus on PDSCH carrying Msg4 for DL coverage enhancements.
Proposal 7: RAN1 to evaluate different approaches for improving DL coverage for PDSCH for initial access.
Proposal 8: RAN 1 to focus on PDCCH for common channels (PDCCH Type 0/1) for DL coverage enhancements.


	Qualcomm
	Observation 2: To support Set1-3, coverage enhancement is needed at least for the following channels:
· PDCCH
· PDSCH carrying SIBs  


	NTT DOCOMO
	Proposal 1:
· For each physical channel/signal, required SNR evaluated by LLS is compared to the required SNR for SSB as well as CNR.
Observation 1:
· The required SNR for SSB = -10.1 dB.
Observation 2:
· No enhancement is necessary for PDSCH for 3 kbps.
· Although performance of PDSCH for 1 Mbps is insufficient compared to at least the required SNR of SSB (and CNR for Set 1-2 if considered), it seems to be better to deprioritize consideration of PDSCH for 1 Mbps in R19 NTN.
Observation 3:
· BLER performance of PDSCH Msg2 is 4.7 dB worse than that of SSB.
· BLER performance of PDSCH Msg4 is 6.2 dB worse than that of SSB.
Observation 4:
· BLER performance of PDSCH SIB1 is 7.3 dB worse than that of SSB.
· BLER performance of PDSCH paging is 3.7 dB worse than that of SSB.
Observation 5:
· BLER performance of PDCCH / Broadcast PDCCH is 5.0 dB worse than that of SSB.


	Panasonic
	Observation 1: We confirm that Beam hopping can significantly improve the SINR due to the sparse active beams although the transmission opportunity is reduced.  

Observation 2: According to our link level simulation, the following observations are made. 
· For set 1-1 and set 1-2 (Target CNR is -1.9dB) 
· All evaluated channels satisfy the target without repetitions. 
· For set 1-3 (Target CNR is -9.9dB) 
· 8 repetitions are necessary for PDSCH VoIP and PDSCH Msg4. 
· PDCCH with 24PRB and AL8 (because of 5MHz bandwidth) can not meet the target. 



Companies LLS results summary
The LLS results from different companies are summarized within the following subsections: 
Link budget/CNR summary

The recap of the link budget/CNR calculation is given in the following table:

	company
	CNR (dB)

	
	LEO-600 Set1-1/Set1-2 FR1
	LEO-600 Set1-3 FR1

	Thales
	-1,89
	-9,89

	Huawei
	
	

	Ericsson
	-1.88
	-9.88

	Spreadtrum
	-1.8
	-9.8

	vivo
	-1.89
	-5.58

	OPPO
	-1,89
	-9,89

	CATT
	-1.9
	

	Samsung
	-5.93 (4dB steering loss)
	

	CMCC
	-1.9
	-9.9

	ZTE
	-1.9
	-9.9

	Xiaomi
	-1.92
	-9.92

	Baicells
	-1.4
	-9.4

	Apple
	-1.90
	-9.90

	MediaTek
	-1.9
	-9.9

	ETRI
	-5.92 (4dB steering loss)
	-13.92 (4dB steering loss)

	Nokia
	-1.88
	-9.88

	Qualcomm
	-1.8
	-9.8

	NTT DOCOMO
	-1.9
	-9.9

	Panasonic
	-1.9
	-9.9

	CEWiT
	-1.9
	-9.9



SSB coverage evaluation

The recap of SSB performance evaluation is given in the following table:

	Company
	Channel
	2Rx
	4Rx

	
	
	Required SNR
	Gap
	Required SNR
	Gap

	
	
	
	Set1-1,1-2
	Set1-3
	
	Set1-1,1-2
	Set1-3

	Huawei
	PSS
	-6.4
	-4.6 
	3.4 
	-8.0
	-6.2 
	1.8 

	
	PBCH (4 SSB)
	-12.6
	-10.8 
	-2.8 
	-15.3
	-13.5 
	-5.5 

	Ericsson
	SSB (4 SSBs)
	-9.1
	-7.22
	0.78
	
	
	

	vivo
	SSB
	-11.26
	-9.37
	-5.68
	
	
	

	OPPO
	SSB
	-10.4
	-8.5
	-0.5
	
	
	

	CATT
	SSB
	-5.5
	-3.6
	
	
	
	

	Samsung
	SSB
	
	
	
	
	
	

	CMCC
	4 SSBs in 80ms
	-12.42
	-10.52
	-2.52
	
	
	

	
	1 SSB
	-6.95
	-5.05
	2.95
	
	
	

	ZTE
	Single SSB
	-5.9
	-4.0
	-
	
	
	

	
	4 SSB
	-6.9
	-5
	-
	
	
	

	Xiaomi
	SSB (4 SSB)
	-12.7
	-10.78
	-2.78
	
	
	

	Baicells
	SSB
	-9.2
	
	
	
	
	

	Nokia
	SSB
	-10.87
	-8.99
	-0.99  
	
	
	

	Qualcomm
	Single SSB
	-8
	-6.2
	1.8
	
	
	

	
	SSB (4 SSB)
	-14.4
	-12.6
	-4.6
	
	
	

	NTT DOCOMO
	SSB
	-10.1
	-8.2
	-0.2
	
	
	




PDCCH coverage evaluation: 

The recap of PDCCH performance evaluation is given in the following table:

	Company
	Channel
	2Rx
	4Rx

	
	
	Required SNR (dB)
	Gap
	Required SNR
	Gap

	
	
	
	Set1-1,1-2
	Set1-3
	
	Set1-1,1-2
	Set1-3

	Thales
	PDCCH
	-7,7
	- 5,81
	2,19
	
	
	

	Huawei
	PDCCH
	-5.6
	-3.8 
	4.2 
	-7.6
	-5.8 
	2.2 

	
	PDCCH rep
	-7.7
	-5.9 
	2.1 
	-9.5
	-7.7 
	0.3 

	Ericsson
	PDCCH
	-4.8
	-2.92
	5.08
	
	
	

	Spreadtrum
	PDCCH
	-7.2
	-5.4
	2.6
	
	
	

	vivo
	PDCCH
	-6.8
	-4.91
	-1.22
	
	
	

	OPPO
	PDCCH
	-5.6
	-3.7
	4.3
	
	
	

	CATT
	Broadcast PDCCH
37bit
	-7.9
	-6.0
	
	
	
	

	
	PDCCH
80bit
	-5.4
	-3.5
	
	
	
	

	Samsung
	PDCCH
	-7.8
	-1.87
	
	
	
	

	CMCC
	PDCCH
	-6.38
	-4.48
	3.52
	
	
	

	ZTE
	PDCCH
	-6.8
	-4.9
	-
	
	
	

	
	PDCCH 2 rep
	-9.5
	-7.6
	-
	
	
	

	
	PDCCH 4 rep
	-11.9
	-2
	
	
	
	

	Xiaomi
	PDCCH
	-6.8
	-4.88
	3.12
	
	
	

	Apple
	PDCCH
	-7.9
	-6.0
	2
	
	
	

	Nokia
	PDCCH AL8
	-5.28
	-3.4
	4.6
	
	
	

	
	PDCCH AL16
	-7.79
	-5.91
	2.09
	
	
	

	NTT DCM
	PDCCH
	-5.2
	-3.3
	4.7
	
	
	

	Panasonic
	PDCCH
	-4.6
	-2.7
	5.3
	
	
	

	CEWiT
	PDCCH
	-5.38
	-3.48
	4.52
	
	
	




PDSCH coverage evaluation:

The recap of PDSCH performance evaluation is given in the following table:

	Company
	Channel/PDSCH
	2Rx
	4Rx

	
	
	Required SNR
	Gap
	Required SNR
	Gap

	
	
	
	Set1-1,1-2
	Set1-3
	
	Set1-1,1-2
	Set1-3

	Thales
	3kbps
	-10,2
	- 8,31
	- 0,31
	
	
	

	
	1Mbps
	-4,6
	- 2,71
	 5,29
	
	
	

	
	VoIP
	-12,4
	- 10,51
	- 2,51
	
	
	

	
	Msg2
	
	
	
	
	
	

	
	Msg4
	
	
	
	
	
	

	
	SIB1
	
	
	
	
	
	

	Huawei
	3kbps
	
	
	
	
	
	

	
	1Mbps
	-5.3
	-3.5
	4.5 
	-7.1
	-5.3 
	2.7 

	
	VoIP
	-13.7
	-11.9
	-3.9 
	-15.2
	-13.4 
	-5.4 

	
	Msg2
	-8.3
	-6.5
	1.5 
	-9.7
	-7.9 
	0.1 

	
	Msg4
	-4.0
	-2.2
	5.8 
	-6.0
	-4.2 
	3.8 

	
	SIB1
	-4.6
	-2.8
	5.2 
	-6.6
	-4.8 
	3.2 

	Ericsson
	3kbps
	-7
	-5.12
	2.88
	
	
	

	
	1Mbps
	
	
	
	
	
	

	
	VoIP
	
	
	
	
	
	

	
	Msg2
	-10.8
	-8.92
	0.96
	
	
	

	
	Msg4
	-6.9
	-5.02
	4.86
	
	
	

	
	SIB1
	
	
	
	
	
	

	Spreadtrum
	3kbps
	-10.0
	-8.2
	-0.2
	
	
	

	
	1Mbps
	
	
	
	
	
	

	
	VoIP
	-8.4
	-6.6
	1.4
	
	
	

	
	Msg2
	-11.6
	-9.8
	-1.8
	
	
	

	
	Msg4
	-10.2
	-8.4
	-0.4
	
	
	

	
	SIB1
	
	
	
	
	
	

	vivo
	3kbps
	-14.45
	-12.56
	-8.7
	
	
	

	
	1Mbps
	-7.33
	-5.44
	-1.75
	
	
	

	
	VoIP
	
	
	
	
	
	

	
	Msg2
	-15.01
	-13.12
	-9.43
	
	
	

	
	Msg4
	-4.14
	-2.25
	1.44
	
	
	

	
	SIB1
	
	
	
	
	
	

	OPPO
	3kbps
	
	
	
	
	
	

	
	1Mbps
	
	
	
	
	
	

	
	VoIP
	-11.2
	-9.3
	-1.3
	
	
	

	
	Msg2
	-10.6
	-8.7
	-0.7
	
	
	

	
	Msg4
	-4.5
	-2.6
	5.4
	
	
	

	
	SIB1/SIB19
	-13.1
	-11.2
	-3.2
	
	
	

	CATT
	3kbps
	-6.3
	- 4.4
	
	
	
	

	
	1Mbps
	-4.6
	-2.7
	
	
	
	

	
	VoIP
	-6.3
	- 4.4
	
	
	
	

	
	Msg2
	-6.3
	- 4.4
	
	
	
	

	
	Msg4
	-4.6
	-2.7
	
	
	
	

	
	SIB1/SIB19
	-3.5
	-1.6
	
	
	
	

	
	Paging
	-6.3
	- 4.4
	
	
	
	

	Samsung
	3kbps
	
	
	
	
	
	

	
	1Mbps
	
	
	
	
	
	

	
	VoIP
	
	
	
	
	
	

	
	Msg2
	-11.8
	-5.87
	
	
	
	

	
	Msg4
	-4.5
	1.43
	
	
	
	

	
	SIB1/SIB19
	-6.8
	-0.87
	
	
	
	

	CMCC
	3kbps
	-11.75
	-9.85
	-1.85
	
	
	

	
	1Mbps
	-2.17
	-0.27
	7.73
	
	
	

	
	VoIP
	-12.36
	-10.46
	-2.46
	
	
	

	
	Msg2
	-12.49
	-10.59
	-2.59
	
	
	

	
	Msg4
	-5.41
	-3.51
	4.49
	
	
	

	
	SIB1
	-3.09
	-1.19
	6.81
	
	
	

	ZTE
	3kbps
	-8.4<
	-6.5<
	-
	
	
	

	
	1Mbps
	-4.5
	-2.6
	-
	
	
	

	
	VoIP
	-8.4
	-6.5
	-
	
	
	

	
	Msg2
	-11.2
	-9.3
	-1.3
	
	
	

	
	Msg4
	-4.5
	-2.6
	-
	
	
	

	
	SIB1/SIB19
	
	
	
	
	
	

	Xiaomi
	3kbps
	-12
	-10.08
	-2.08
	
	
	

	
	1Mbps
	
	
	
	
	
	

	
	VoIP
	-11.8
	-9.88
	-1.88
	
	
	

	
	Msg2
	-13.4
	-11.48
	-3.48
	
	
	

	
	Msg4
	-6.7
	-4.78
	3.22
	
	
	

	
	SIB1
	-3.6
	-7.58
	0.42
	
	
	

	
	SIB19
	-4.2
	-2.28
	5.72
	
	
	

	Baicells
	3kbps
	-13.0
	
	
	
	
	

	
	1Mbps
	
	
	
	
	
	

	
	VoIP
	-9.0
	
	
	
	
	

	
	Msg2
	
	
	
	
	
	

	
	Msg4
	
	
	
	
	
	

	
	SIB1
	
	
	
	
	
	

	
	SIB19
	
	
	
	
	
	

	Apple
	3kbps
	-10.4
	-8.5
	-0.5
	
	
	

	
	1Mbps
	-4.9
	-3.0
	5.0
	
	
	

	
	VoIP
	-12.7
	-10.8
	-2.8
	
	
	

	
	Msg2
	-11.2
	-9.3
	-1.3
	
	
	

	
	Msg2
	-6.1
	-4.2
	3.8
	
	
	

	
	Msg4
	-4.8
	-2.9
	5.1
	
	
	

	
	SIB1
	
	
	
	
	
	

	
	SIB19
	
	
	
	
	
	

	Nokia
	3kbps
	
	
	
	
	
	

	
	1Mbps
	
	
	
	
	
	

	
	VoIP
	
	
	
	
	
	

	
	Msg2
	-13.41
	-11.53
	-3.53
	
	
	

	
	Msg4
	-4.95
	-3.07
	4.93
	
	
	

	
	SIB1
	-4.9
	-3.02
	4.98
	
	
	

	
	SIB19
	
	
	
	
	
	

	NTT DCM
	3kbps
	-11.1
	-9,2
	-1,2
	
	
	

	
	1Mbps
	-3.8
	-1,9
	6,1
	
	
	

	
	VoIP
	
	
	
	
	
	

	
	Msg2
	-5.4
	-3,5
	4,5
	
	
	

	
	Msg4
	-3.8
	-1,9
	6,1
	
	
	

	
	SIB1
	-2.8
	-0,9
	7,1
	
	
	

	
	Paging
	-6.5
	-4,6
	3,4
	
	
	

	Panasonic
	3kbps
	
	
	
	
	
	

	
	1Mbps
	
	
	
	
	
	

	
	VoIP
	-10.7
	-8,8
	-0,8
	
	
	

	
	Msg2
	-10.1
	-8,2
	-0,2
	
	
	

	
	Msg4
	-3.5
	-1,6
	6,4
	
	
	

	
	SIB1
	
	
	
	
	
	

	
	Paging
	
	
	
	
	
	



First round proposals on LLS results

Based on the preliminary results collected in the previous section, the following proposed observations are made: 

CNR

	Proposed Observation 2-5-v0:

The CNRs for the satellite payload parameters Set 1-1, Set 1-2 and Set 1-3 are equal to -1,9 dB, -1,9 dB and -9,9 dB respectively.





Companies are encouraged to provide views on Proposal 2-5-v0:
	Companies
	Comments 

	Qualcomm
	Agree

	Apple
	Agree

	LGE
	The current CNR seems only targeting the UE at the center of the beam footprint so that the TX antenna gain is maximized. 
On the other hand, don’t we need to consider the UE at the edge of the beam footprint? In this case, since the antenna gain pattern is not flat across azimuth angles, the antenna gain will be reduced, and the expected CNR would be also further reduced. When the satellite steers the beam direction, then it could cause inter-cell interference. Moreover, in case of common signalling, beam steering in a beam footprint will increase the active beam ratio. 

At this moment, we can replace “equal to” with “at most”. 

	DCM
	Agree

	Spreadtrum
	Support

	Baicells
	We can agree it if same EIRP density is assumed for all elevation angle (steering loss is compensated by TX power).

	Samsung
	Agree assuming that beam steering loss is not considered. 

	Lenovo
	Agree.

	TCL
	Agree.

	ETRI
	Agree with Samsung. Our CNR results considered the 4dB steering loss.  

	OPPO
	Agree.

	ZTE
	Agree

	vivo
	The given CNRs are obtained with the case where a single beam is focused on the target area and the beam size is with 3dB beamwidth. This assumption should be captured to avoid any confusions.

	Xiaomi
	Support 

	Panasonic
	Support. But, discussion on whether to support Set 1-3 is necessary because the target CNR is too low and large number of repetitions are necessary which might not be feasible considering the low active beam ratio (around 10%)

	Nokia
	OK

	Ericsson 
	Agree to clarify in Proposal that the beam steering loss is not considered.

	CATT
	agree

	Huawei, HiSilicon
	Agree, considering the beam edge mentioned by LGE, the CNR loss cause by antenna gain reduction can also be compensated.

	CEWiT
	Agree

	MediaTek
	Agree



 
SSB coverage evaluation

	Proposed Observation 2-6-v0:

Based on preliminary results on SSB coverage evaluation collected from different sources:
· With parameter LEO600km Set1-1 and 1-2, the required SNR for SSB detection is ranging from -10.8dB to -3.6dB and thereby no coverage gap is observed for LEO600km Set1-1 and 1-2.
· With parameter LEO600km Set1-3:
· 7 sources observed that with 4 SSB combinations the SSB can be successfully detected with a margin ranging from 0.2dB to 6.68dB
· 2 sources observed that there is a coverage gap of 3.4 dB and 0.78dB respectively even with 4 SSB combinations.
· 2 sources observed that there is a coverage gap of 2.95 dB and 1.8dB respectively only with a single SSB detection.




	Proposal 2-7-v0:

Further evaluate SSB performance with the following considerations:
· Time drift caused by Doppler frequency offset should be considered in the LLS assumption for PSS detection.
· Evaluate the gain of 4-SSB combination detection with respect to single-shot SSB detection.
· Study the feasibility and evaluate the gain of 4-SSB combination detection with different combination duration exceeding 80ms.






Companies are encouraged to share views on Proposed Observation 2-6-v0 and Proposal 2-7-v0 :
	Companies
	Comments

	Qualcomm
	Further discussion is needed for Proposal 2-7. Specifically, the intention and implication of the last subbullet are unclear.

	Apple
	Fine with Observation 2-6-v0. 
Proposal 2-7-v0, 
1. We do not think further evaluation of SSB performance is needed, since it is not in scope of WID. 
2. For the first bullet, we think the PSS detection is not needed since it is hypothesis detection. 
3. For the second bullet, we think 4-SSB combination detection is needed to align with the simulation assumptions in Rel-18 NR NTN coverage enhancement. We do not worry about single shot SSB detection. 
4. For the last bullet, the motivation of considering combination duration exceeding 80 ms is unclear to us.

	LGE
	So, since the CNR only targets the best case (UE at the center of the beam footprint with achieving maximum antenna gain), it seems that the observations for the best cases of each parameter set. 

	DCM
	Ok with 2-6. 2-7 seems to be unnecessary.

	Samsung
	For 2-6, performance difference between companies are quite different. It needs to discuss first evaluation assumption for SSB performance. If there will be mismatch among them, it should be clarified such as the number of combinations. 
For 2-7, it seems not necessary. 

	Lenovo
	Fine with 2-6.
Regarding 2-7, we are also uncertain about its necessity.

	TCL
	Agree.

	OPPO
	Support Observation 2-6. 
Proposal 2-7 is not needed as we comment in proposal 2-1.

	ZTE
	Regarding observation 2-6, ZTE’s result on set 1-3 is not captured (i.e., SSB cannot be successfully detected with even with 4 SSB combinations). If the coverage gap is needed, the values are:
· 3 dB coverage gap even with 4 SSB combinations
· 4 dB coverage gap only with a single SSB detection
Regarding proposal 2-7, in principle fine. But we want to note that considering the variation of SFN field in PBCH, 4 combination may not be available for all cases even if it is considered.

	Vivo
	The P2-7 is too early to be agreed, and some of the sub-bullet (e.g. the last one) seems to be out of the WID.

	Xiaomi
	Observation 2-6 is fine to us. For proposal 2-7, the last bullet is hard to achieve as the SFN bit would change if the combination duration exceed 80ms.

	Ericsson
	Fine with Proposed Observation 2-6-v0. 
We don’t see the need for Proposal 2-7-v0 at this point.

	CATT
	For the case 1-3, the critical point is how to guarantee the SSB performance. 

	Huawei, HiSilicon
	The SSB evaluation assumption has not been aligned. Therefore, it would be too early to make observations for SSB evaluations. 

For the proposal 2-7, we should have this to be considered. otherwise it is difficult to further make observations considering companies having quite different assumptions.we have the following comments:






PDCCH coverage evaluation

	Proposed Observation 2-8-v0:

Based on preliminary results on PDCCH coverage evaluation collected from different sources:
· With parameter LEO600km Set1-1 and 1-2: Based on 16 sources observed that the required SNR for PDCCH is ranging from -7.9dB to -4.6dB and thereby no coverage gap with Set1-1/1-2 
· With parameter LEO600km Set1-3: 13 sources observed that there is a PDCCH coverage gap ranging from 2dB to 5.3dB 




Companies are encouraged to share views on Proposed Observation 2-8-v0
	Companies
	Comments

	Apple
	Agree

	LGE
	So, since the CNR only targets the best case (UE at the center of the beam footprint with achieving maximum antenna gain), it seems that the observations for the best cases of each parameter set.

	DCM
	We believe that SSB performance should also be the performance target for flexible beam hopping, wider beam support, etc. In this case, PDCCH performance is not sufficient in Set 1-1/1-2 as well.

	Baicells
	Agree

	Samsung
	Agree. But, it needs to clarify which assumptions companies consider for PDCCH evaluations because it seems that different companies have assumed different parameters for PDCCH evaluation. 

	Lenovo
	Agree.

	TCL
	Agree.

	OPPO
	Agree.

	ZTE
	ZTE’s result also show that PDCCH cannot satisfy set 1-3, even though we do not provide the coverage gap. Based on the required SNR and CNR, the gap is 3.1 dB. Please also count ZTE in the second subbullet.

	vivo
	Agree with Samsung that the assumptions for PDCCH evaluation should be clarified.

	Xiaomi
	Support.

	Ericsson
	We agree with Samsung that the assumptions considered in PDCCH link evaluations across companies may be different. Furthermore, Proposal 2-3-v0 is being discussed to align the settings for PDCCH link-level evaluations. Once it is agreed, one needs to identify the coverage gap based on that. In that case, we may delay the observation to make based on the aligned settings.

	CATT
	Agree

	CEWiT
	Agree




PDSCH Coverage evaluation 


	Proposed Observation 2-9-v0:

Based on preliminary results on PDSCH coverage evaluation collected from different sources:
· With parameter LEO600km Set1-1 and 1-2: 
· 11 sources observed that there is no coverage gap for PDSCH with 3kbp: The coverage margin is ranging from 4.4dB to 12.56dB
· 7 sources observed that there is no coverage gap for PDSCH with 1Mbps: The coverage margin is ranging from 1.9dB to 5.4dB  
· 11 sources observed that there is no coverage gap for VoIP: The coverage margin is ranging from 6.5dB to 11.9dB  
· 14 sources observed that there is no coverage gap for PDSCH with Msg2: The coverage margin is ranging from 6.5dB to 3.5dB  
· 13 sources observed that there is no coverage gap for PDSCH with Msg4: The coverage margin is ranging from 1.6dB to 5dB
· 1 source observed that there is a coverage gap of 1.43dB for PDSCH with Msg4 
· 8 sources observed that there is no coverage gap for PDSCH with SIB1/SIB19: The coverage margin is ranging from 0.87dB to 7.5dB
· 1 source observed that there is no coverage gap for PDSCH with paging with a coverage margin of 4.6dB

· With parameter LEO600km Set1-3: 
· 7 sources observed that there is no coverage gap for PDSCH with 3kbp: The coverage margin is ranging from 0.2dB to 8dB
· 1 source observed that there is coverage gap of 2.8dB for PDSCH with 3kbp
· 5 sources observed that there is coverage gap for PDSCH with 1Mbps: The coverage gap is ranging from 4.5dB to 7dB
· 7 sources observed that there is no coverage gap for VoIP: The coverage margin is ranging from 0.8dB to 3.9dB 
· 1 source observed that there is a coverage gap of 1.4dB for VoIP: 
· 5 sources observed that there is a coverage gap for PDSCH with Msg2: The coverage gap is ranging from 0.9 dB to 4.5dB  
· 8 sources observed that there is a no coverage gap for PDSCH with Msg2: The coverage margin is ranging from 0.2 dB to 3.5dB  
· 10 sources observed that there is a coverage gap for PDSCH with Msg4: The coverage gap is ranging from 1.6dB to 6.4dB
· 1 source observed that there is no coverage gap for PDSCH with Msg4: The coverage margin is equal to 0.4dB
· 5 sources observed that there is a coverage gap for PDSCH with SIB1/SIB19: The coverage gap is ranging from 0.4dB to 7dB
· 5 sources observed that there is a coverage gap for PDSCH with SIB1/SIB19: The coverage gap is ranging from 0.4dB to 7dB
· 1 source observed that there is a no coverage gap for PDSCH with SIB1/SIB19 with a coverage margin of 3.2dB  





Companies are encouraged to share views on Proposed Observation 2-9-v0
	Companies
	Comments

	Apple
	Agree

	DCM
	We believe that SSB performance should also be the performance target for flexible beam hopping, wider beam support, etc. In this case, PDSCH performance is not sufficient in Set 1-1/1-2 as well.

	Samsung
	Our evaluation is not captured correctly. Our assumption for CNR includes additional steering loss (4dB). Thus, following observation should be changed. 

· 14 sources observed that there is no coverage gap for PDSCH with Msg2: The coverage margin is ranging from 6.5 9.87dB to 3.5dB  


· 1314 sources observed that there is no coverage gap for PDSCH with Msg4: The coverage margin is ranging from 1.6dB to 5dB
· 1 source observed that there is a coverage gap of 1.43dB for PDSCH with Msg4 



	Lenovo
	Agree.

	OPPO
	Agree.

	ZTE
	Fine with the observation.

	Xiaomi
	Support 

	Nokia
	It may be a bit extensive with such a long set of observations. It would probably help the readability a bit if we could shorten the observation a bit.

	Ericsson
	Similar comment as that of Proposed Observation 2-8-v0.

	CATT
	Agree




Topic#2-3 Potential enhancements at link level
Companies’ contributions summary

The following proposals on Topic#1-3 are submitted to current RAN1 meeting:

	Companies
	Proposals

	Thales
	Proposal 9:
RAN1 to introduce enhancements on the DL coverage of the following channels:
· PDCCH
· PDSCH with 1 Mbps


	Spreadtrum Communications
	Proposal 1: M-TRP based PDCCH repetition in R16 can be as a start point for PDCCH coverage enhancement in NR NTN.
Proposal 2: The enhancement of PDSCH coverage in RRC CONNECTED mode needs to consider the impact on spectral efficiency of system

	InterDigital, Inc.
	Proposal 4: The network uses higher aggregation factor for PDCCH transmission while the satellite beams are in power sharing mode.
Proposal 5: PDCCH can be repeated multiple times to compensate the PDCCH coverage loss due to power sharing among the satellite beams.
Proposal 6: PDSCH can be transmitted with a higher number of repetitions with fractional power transmission from satellite beams. 


	vivo
	오류! 참조 원본을 찾을 수 없습니다.
오류! 참조 원본을 찾을 수 없습니다.
오류! 참조 원본을 찾을 수 없습니다.


	Google
	Proposal 1: Support to indicate the EPRE ratio between the PDCCH and TRS to facilitate the AGC for PDCCH reception.
Proposal 2: Consider the PDCCH repetition operations for some PDCCH candidates in a search space for PDCCH coverage enhancement.
Proposal 3: Support to indicate the power offset between PDSCH and TRS by DCI with regard to dynamic power sharing.
Proposal 5: Support to transmit the SSB by multiple repetitions
· At least the number of repetitions for SSS and PBCH within an SSB should be the same


	OPPO
	Proposal 3: RAN1 to consider link-level enhancement of PDCCH and Msg4 PDSCH.

	CATT
	Proposal 8: Link level enhancement seems not be urgent from the evaluation result.


	Samsung
	Proposal 2: PDSCH (Msg2) enhancement is not considered in Rel-19 NTN.
Proposal 3: RAN1 consider potential enhancements for PDSCH (Msg4) in Rel-19 NTN. 
Proposal 4: RAN1 discusses whether to consider enhancements for PDCCH and PDSCH (SIB1) in Rel-19 NTN. 


	Lenovo
	Proposal 3: Consider repetition of PDCCH/PDSCH for DL coverage enhancement.



	ZTE
	Proposal 5: For LEO-600 set 1-1 and set 1-2, link level enhancement on PDCCH is not needed. 
Proposal 6: For LEO-600 set 1-3, the link budget is not enough for PDCCH detection. Up to 4 repetitions may be needed to mitigate the SNR gap.
Proposal 7: For all the satellite parameter sets for LEO-600, link level enhancement on PDCCH is not needed.
Proposal 8: For LEO-600 set 1-1 and set 1-2, link level enhancement on msg4 PDSCH is not needed. 
Proposal 9: For LEO-600 set 1-3, the link budget is not enough for msg4 PDSCH detection. Up to 4 repetitions may be needed to mitigate the SNR gap.
Proposal 10: For all the satellite parameter sets for LEO-600, link level enhancement on PDSCH of VoIP is not needed.
Proposal 11: For LEO-600 set 1-1 and 1-2, data service with 3kbps and 1Mbps can be supported without enhancement.
Proposal 12: For LEO-600 set 1-3, data service with 3kbps can be supported without enhancement, but data service with 1Mbps cannot be supported.


	Xiaomi
	Observation 4: For common PDSCH coverage enhancement, a straightforward solution is repetition.
Observation 5: For PDCCH coverage enhancement, the possible solutions can be repetition, payload reduction and AL increasing.


	Baicells
	Proposal 1: For Set 1-3 FR1, consider smaller coverage scope (higher elevation angle) or higher EIRP density to mitigate the shortage in link budget.

Observation 4: For LEO600km in FR1 (i.e., S-band), when elevation angles are 30, 60 and 90 degree, CNRs are as following:

	
	LEO600km Set 1-1 FR1 (i.e., S-band)
	LEO600km Set 1-2 FR1 (i.e., S-band)
	LEO600km Set 1-3 FR1 (i.e., S-band)

	Satellite EIRP density /beam (dBW/MHz)
	34
	26

	CNR (dB) 
when elevation angle = 30deg,  steering loss = 4dB
	-5.4
	-13.4

	CNR (dB) 
when elevation angle = 60deg,  steering loss = 2dB
	0.5
	-7.5

	CNR (dB) 
when elevation angle = 90deg,  steering loss = 0dB
	3.7
	-4.3





	LGE
	Observation 14: For PDSCH transmissions scheduled by non-fallback DCI, the existing PDSCH repetition schemes such as DL slot aggregation and repetition would be sufficient for NR FR1-NTN. 
Observation 15: For PDSCH transmissions scheduled by non-fallback DCI, to reduce the total active time for a given beam footprint, the existing scaling factor for TBS determination can be used even for SIBs. Moreover, the reserved state of the DCI indication could be replaced with 1/8. 

Proposal 3: For link-level enhancement in Rel-19 NR NTN, RAN1 carefully investigates followings:
· PDSCH repetition for PDSCH transmissions scheduled by fallback DCI 
· How to indicate PDSCH repetition number 
· Scaling factor indicated by DCI for TBS determination for PDSCH
· Whether or how to apply it to SIB transmissions
· Whether or how to support the lower value (e.g., 1/8) 
· Search space linkage for PDCCH carrying DCI format for SIB1. 


	Apple
	Proposal 1: At least the coverage of PDCCH, PDSCH with Msg 4, and PDSCH with SIB1 need to be enhanced.
· Further evaluate whether the coverage of PDSCH with SIB19 and PDSCH with Msg2 needs to be enhanced.

Proposal 2: To enhance the coverage of PDSCH Msg 2, consider introducing PDSCH Msg 2 repetition or introducing a smaller TB scaling factor value (e.g., 1/8).

Proposal 3: To enhance the coverage of PDSCH Msg 4 and PDSCH carrying SIB1, consider introducing PDSCH repetition, with the maximum number of repetition being at least 4.

Proposal 4: To enhance the coverage of PDSCH, the schemes (e.g., TB over multiple slots, DMRS bundling, etc.) used to enhance PUSCH performance should be examined for PDSCH. 

Proposal 5: To enhance the coverage of PDCCH, consider the following solutions:
· Increase CORESET symbol number and aggregation level 
· Enhance PDCCH repetition (e.g., for PDCCH scheduling system information)
· Reduce DCI size (e.g., 2-stage DCI) 


	CEWiT
	Proposal 1: PDCCH with 8 CCE aggregations can provide sufficient link margin for set 1-1 and set 1-2 parameters. Hence, it is not necessary to do coverage enhancement for LEO 600 with set 1-1 and set 1-2 parameters.

Proposal 2: Coverage improvement is needed for set 1-3 for LEO 600 due to a coverage gap of -4.52 dB observed in PDCCH with 8 CCE aggregations.

Proposal 3: In the NTN DL coverage enhancement, link level improvement should be consider considering reduced EIRP per beam for practical deployment case. Link level enhancement should target 5 dB improvement at least for the PDCCH channel

Proposal 4: The maximum number of repetitions for PDCCH can be extended beyond two for NR NTN DL coverage enhancements. 

Proposal 5: The higher aggregation level can be supported, such as 32 and 64, to improve the link margin of PDCCH for DL coverage enhancement of NR NTN. 

Observation 4: Supporting dynamic aggregation levels for each PDCCH repetition can yield diversity gain which leads to DL coverage enhancements in NR NTN. 

Proposal 6: For PDCCH, dynamic aggregation level per repetition can be configured to improve the DL coverage of NR NTN. 

Proposal 7: Each DCI format can be segmented depends on the size of the DCI to provide better coverage for NR NTN

Proposal 8: Study the effect of choosing the number of repetitions, aggregation level and number of segmentations based on the elevation angle, for PDCCH, to improve both coverage and spectral efficiency of NR NTN. 

Proposal 9: Study the adoption of number of DMRS based on the elevation angle to improve the spectral efficiency in NR NTN. 

Proposal 10: The maximum number of repetitions can be increased to 16 or 32 to improve the coverage of NR NTN. 	


	Qualcomm
	Observation 3: At 1% BLER, removing the reserved bits for the PDCCH with CRC scrambled by SI-RNTI can improved the performance by about 1.3 dB for NR NTN TDL-C.

Proposal 1: Consider coverage enhancements for PDSCH schedule by a PDCCH in a CSS.
· At least for PDSCH scheduled by PDCCH format 1_0 with CRC scrambled by SI-RNTI.

Proposal 2: Consider coverage enhancement for PDCCH.

Proposal 3: Consider coverage enhancement for the PDCCH that schedules a SIB1 PDSCH without NW signaling.


	NTT DOCOMO
	Proposal 2:
· R19 NTN DL coverage enhancement introduces link level enhancements for PDSCH Msg2 and PDSCH Msg4.
Proposal 3:
· R19 NTN DL coverage enhancement introduces link level enhancements for PDSCH SIB1 and PDSCH paging.
Proposal 4:
· R19 NTN DL coverage enhancement introduces link level enhancements for PDCCH and Broadcast PDCCH.




First round proposals on potential enhancements at link level

Based on the companies’ proposals and observations the following working assumption is made:

	
Proposed working assumption 2-10-v0:

RAN1 to consider link-level enhancement for at least the following channels:
· PDCCH
· PDSCH with Msg 4 
· PDSCH with SIB 1/SIB19.
The following potential link-level enhancements are for further study/evaluation:
· To enhance the coverage of PDSCH Msg 4 and PDSCH carrying SIB1, consider introducing PDSCH repetition, with the maximum number of repetitions being at least X (X to be defined).
· To enhance the coverage of PDCCH, consider the following solutions:
· Increase CORESET symbol number and aggregation level. 
· Enhance PDCCH repetition (e.g., for PDCCH scheduling system information)
· Reduce DCI size (e.g., 2-stage DCI)
 




Companies are encouraged to provide views on working assumption 2-10-v0:
	Companies
	Comments 

	Qualcomm
	Agree in principle. However, if we need to enhance Msg4 and PDSCH for SIB1/1, we just need to enhance PDSCH scheduled with PDCCH scrambled by SI-RNTI.

	Apple
	Support the proposal.

	LGE
	For the PDCCH enhancement, the coexistence with the legacy UEs needs to be carefully considered. Without this consideration, the new PDCCH structure will increase the active beam ratio further since the satellite needs to transmit both old PDCCH and new PDCCH structures. 
If the maximum AL increases, all the aspects including the blocking probability, BD/CCE limits need to be revisited. In this point of view, search spacing linkage that is supported from Rel-17 could be a baseline for PDCCH enhancement. 

	DCM
	As comment above, SSB performance should also be the performance target. Then Msg2/paging should also be considered.
In addition, other SIBs that could be used in NTN should not be precluded, e.g., SIB25, SIB6, etc. Note that solution for coverage enh can be a unified one b/w e.g., SIB19 and SIB25, etc.

	Samsung
	For Observation 2-6-v0, some companies observed that coverage gap even in 4 SSB transmissions. This case should be clarified whether to change some parameters for satellite parameters for set 1-1/2/3. It is premature to list-up potential enhancement for PDSCH/PDCCH. SSB performance issue should be resolved first before considering other DL channels.

	Lenovo
	Agree.

	TCL
	Support, for PDCCH enhancement with increasing aggregation level, the blocking probability of PDCCH need to consider.

	HONOR
	Support the proposal.

	OPPO
	Support.

	ZTE
	Based on the observation, link level enhancement is not needed for set 1-1/1-2. While for set 1-3, the SSB performance may not able to satisfy the CNR, so that the motivation to perform link level enhancement on other channels to satisfy the CNR of set 1-3 is questionable. RAN1 may first determine the target SNR before agreeing which channel is to be enhanced. And it is also too early to discuss the detailed solution.

	Vivo
	Under some setup, such as overlapped beams and variable beam size, it is unnecessary to enhance PDCCH for all parameter sets in FR1. Before considering the enhancements, a clear and comprehensive discussion of the system level design is necessary, particularly the definition of N1, N2, N3 (e.g., whether N1 denotes the number of beams in “off” state permanently or temporarily) and how the beam hopping is set up. 

	Xiaomi
	Support 

	Panasonic
	Fine to study above. Regarding the repetition, large number of repetitions might not be feasible for a low active beam ratio (10% for Set 1-1 and 1-3, 1.5% for Set 1-2). The feasibility considering the beam hopping should also be discussed. 

	Nokia
	In general supportive of the intention of the proposal.
At this stage it would be better to mainly focus on the channels needing enhancements and reach an agreement on those. Subsequently we can discuss further exactly how we target reaching the improvements. Basically we are suggesting to either (a) drop the last half of the working assumption or (b) make the entire second half FFS.

	Ericsson
	We share the view of ZTE that it is first necessary to determine the target SNR for the physical channel under consideration based on which we know whether the enhancement is needed or not that specific physical channel. It is early to agree the solutions to be studied.

	CATT
	It is too early to discuss the enhancement. Before we get the conclusion for link level evaluation, no concrete proposal is expected.

	Huawei, HiSilicon
	we see comments from companies to have concern that set1-3 cannot support PSS detection. So we think it is too early to have this proposal to agree these three channels to be enhanced.

	CEWiT
	Agree

	MediaTek
	Same view on case 1-3 with other companies, first discuss SSB periodicity, SSB combination, and evaluate required SNR for PSS and SSB detection.     



Proposals for offline session on Day 3

Topic#1-1 SLS parameters

	
Proposal 1-1-v1

The Satellite phased-array antenna parameters for LEO 600km in FR1from RAN WG1 #116 are updated as follows:

	Satellite phased array antenna Characteristics
	LEO-600

	Orbit
	LEO-600km

	Frequency range/band
	FR1/S-Band

	Antenna element pattern
	Table7.3-1 in TR 38.901

	Horizontal/vertical 3 dB beam width of single element (degree)
	126 90 for H
126 90 for V

	Antenna polarization
	Circular (RHCP or LHCP)

	Number of antenna elements 
	676 elements (26 x 26) (Note 1)

	Equivalent satellite antenna aperture
	2m

	Element maximum gain
	4 dBi

	Antenna maximum gain
	30 dBi (Note 2)

	Steering loss at 30° elevation angle 
	2.5 dB



Note 1: The element spacing is set to be d=0.5 which is ensuring grating lobes outside the operational field of view
Note 2: The maximum antenna gain is determined by considering an overall array efficiency of 50%. 





Companies are encouraged to comment on updated Proposal 1-1-v1:
	Companies
	Comments

	
	

	
	


Topic#1-3 Potential enhancements at system level

	
Proposal 1-2-v1:

At least the following potential DL coverage enhancements at system level are for further study/evaluation:
· Extending the default SSB periodicity
· Performance degradation should be evaluated and reported, e.g., the time and frequency tracking error due to the extended SSB periodicity, the impact on the latency for UE accessing the network etc.
· Using Release 18 network energy saving techniques (e.g., cell DTX/DRX in RRC Connected state, etc.) with modifications to fit NR NTN (e.g., beam-based operations):
· Support the configuration of more than one cell DTX patterns to a UE.
· Support dynamic group-common signaling for the change of cell DTX patterns.
· Cell DTX/DRX mechanism in RRC idle/inactive mode is also considered in R19 NTN DL CE
Note: These enhancements should allow legacy UEs to be able to continue accessing a network implementing these new Rel-19 NTN features, with the possible exception of techniques developed specifically for greenfield deployments




Companies are encouraged to comment on updated Proposal 1-2-v1:
	Companies
	Comments

	
	

	
	



Topic#2-1 Parameters for LLS

Parameters for SSB coverage evaluation 

	Proposal 2-1-v1:
SSB coverage performance should be evaluated. The following assumptions are considered:

	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz
4 can be optionally considered and reported 

	Periodicity
	Case 1: 20ms, Case 2: 80ms, Case 3: 160ms, Case 4: Longer duration (TBD)

	Combination of SSBs
	4 combinations could be considered when relevant

	Doppler FO for PSS
	24ppm

	CFO for PBCH
	0.1 ppm

	Other parameters
	Reported by companies.


Note 1: time drift caused by Doppler frequency offset should be considered for initial access in the LLS assumption for PSS detection.




Companies are encouraged to comment on updated Proposal 2-1-v1:
	Companies
	Comments

	
	

	
	




Parameters for PDSCH coverage evaluation 

	
Proposal 2-2-v1:

For coverage evaluation of PDSCH in NR NTN, the following table is assumed:

	Parameter
	Value

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	HARQ configuration
	Whether/How HARQ is adopted is reported by companies.

	DMRS configuration
	3 DMRS symbols is used for PDSCH of Msg.2.
For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
PDSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	PRBs/TBS/MCS for data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.
QPSK

	PDSCH duration
	12 OS

	Payload size for PDSCH of Msg.2
	72 bits

	Payload size for PDSCH of SIB1
	1040 bits

	Payload size for PDSCH of Msg.4
	1040 bits

	Payload size for PDSCH of SIB19
	600 bits

	Other parameters
	Reported by companies.

	Other parameters
	Reported by companies

	
Note: For PDSCH evaluation, SIB1 and SIB19 should be treated with same way as Msg4 PDSCH since the combination of SIB1/SIB19 is not mandatory from UE perspective







Companies are encouraged to comment on updated Proposal 2-2-v1:
	Companies
	Comments

	
	

	
	




Parameters for PDCCH coverage evaluation 

	Proposal 2-3-v1:
For coverage evaluation of PDCCH in NR NTN, the following table is assumed:

	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Aggregation level
	8

	Payload
	40 bits

	CORESET size
	2 symbols, 24 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER
optional for 10% BLER

	Number of SSB for broadcast PDCCH of Msg.2
	Reported by companies

	Other parameters
	Reported by companies






Companies are encouraged to provide views on Proposal 2-3-v1:
	Companies
	Comments and Views

	
	

	
	

	
	



Antenna gain reduction due to steering loss

	
Proposal 2-4-v1: 

Antenna gain reduction due to steering loss is not considered in the link level evaluation.

Note: This is aligned with the assumptions made in Rel-18 UL coverage enhancement




Companies are encouraged to provide views on Proposal 2-4-v1 within the following table:
	Companies
	Comments and Views

	
	

	
	




Tpoic#2-2 Preliminary LLS results

CNR

	[bookmark: _Hlk164240854]
Proposed Observation 2-5-v1:

The CNRs for the satellite payload parameters Set 1-1, Set 1-2 and Set 1-3 are equal to -1,9 dB, -1,9 dB and -9,9 dB respectively.




Companies are encouraged to provide views on Proposal 2-5-v1:
	Companies
	Comments 

	
	

	
	

	
	



SSB coverage evaluation

	Proposed Observation 2-6-v1:

Based on preliminary results on SSB coverage evaluation collected from different sources:
· With parameter LEO600km Set1-1 and 1-2, the required SNR for SSB detection is ranging from -10.8dB to -3.6dB and thereby no coverage gap is observed for LEO600km Set1-1 and 1-2.
· With parameter LEO600km Set1-3:
· 7 sources observed that with 4 SSB combinations the SSB can be successfully detected with a margin ranging from 0.2dB to 6.68dB
· 3 sources observed that there is a coverage gap of 3.4 dB, 3dB and 0.78dB respectively even with 4 SSB combinations.
· 3 sources observed that there is a coverage gap of 4dB, 2.95 dB and 1.8dB respectively with a single SSB detection.

Note 1: Further SSB performance evaluation is needed by considering the evaluation assumptions for SSB performance. 
Note 2: RAN1 may need to revisit this observation and update it when new evaluations results are available.





Companies are encouraged to share views on Proposed Observation 2-6-v1:
	Companies
	Comments

	
	

	
	



PDCCH coverage evaluation

	Proposed Observation 2-8-v1:

Based on preliminary results on PDCCH coverage evaluation collected from different sources:
· With parameter LEO600km Set1-1 and 1-2: Based on 16 sources observed that the required SNR for PDCCH is ranging from -7.9dB to -4.6dB and thereby no coverage gap with Set1-1/1-2 
· With parameter LEO600km Set1-3: 13 sources observed that there is a PDCCH coverage gap ranging from 2dB to 5.3dB 

Note 1: Further PDCCH performance evaluation is needed by considering the evaluation assumptions for PDCCH performance. 
Note 2: RAN1 may need to revisit this observation and update it when new evaluations results are available.





Companies are encouraged to share views on Proposed Observation 2-8-v1:
	Companies
	Comments

	
	

	
	



PDSCH Coverage evaluation 

	Proposed Observation 2-9-v1:

Based on preliminary results on PDSCH coverage evaluation collected from different sources:
· With parameter LEO600km Set1-1 and 1-2: 
· 11 sources observed that there is no coverage gap for PDSCH with 3kbp: The coverage margin is ranging from 4.4dB to 12.56dB
· 7 sources observed that there is no coverage gap for PDSCH with 1Mbps: The coverage margin is ranging from 1.9dB to 5.4dB  
· 11 sources observed that there is no coverage gap for VoIP: The coverage margin is ranging from 6.5dB to 11.9dB  
· 14 sources observed that there is no coverage gap for PDSCH with Msg2: The coverage margin is ranging from 9.8 dB to 3.5dB  
· 14 sources observed that there is no coverage gap for PDSCH with Msg4: The coverage margin is ranging from 1.6dB to 5dB
· 1 source observed that there is a coverage gap of 1.43dB for PDSCH with Msg4 
· 8 sources observed that there is no coverage gap for PDSCH with SIB1/SIB19: The coverage margin is ranging from 0.87dB to 7.5dB
· 1 source observed that there is no coverage gap for PDSCH with paging with a coverage margin of 4.6dB

· With parameter LEO600km Set1-3: 
· 7 sources observed that there is no coverage gap for PDSCH with 3kbp: The coverage margin is ranging from 0.2dB to 8dB
· 1 source observed that there is coverage gap of 2.8dB for PDSCH with 3kbp
· 5 sources observed that there is coverage gap for PDSCH with 1Mbps: The coverage gap is ranging from 4.5dB to 7dB
· 7 sources observed that there is no coverage gap for VoIP: The coverage margin is ranging from 0.8dB to 3.9dB 
· 1 source observed that there is a coverage gap of 1.4dB for VoIP: 
· 5 sources observed that there is a coverage gap for PDSCH with Msg2: The coverage gap is ranging from 0.9 dB to 4.5dB  
· 8 sources observed that there is a no coverage gap for PDSCH with Msg2: The coverage margin is ranging from 0.2 dB to 3.5dB  
· 10 sources observed that there is a coverage gap for PDSCH with Msg4: The coverage gap is ranging from 1.6dB to 6.4dB
· 1 source observed that there is no coverage gap for PDSCH with Msg4: The coverage margin is equal to 0.4dB
· 5 sources observed that there is a coverage gap for PDSCH with SIB1/SIB19: The coverage gap is ranging from 0.4dB to 7dB
· 5 sources observed that there is a coverage gap for PDSCH with SIB1/SIB19: The coverage gap is ranging from 0.4dB to 7dB
· 1 source observed that there is a no coverage gap for PDSCH with SIB1/SIB19 with a coverage margin of 3.2dB  

Note 1: Further PDCCH performance evaluation is needed by considering the evaluation assumptions for PDCCH performance. 
Note 2: RAN1 may need to revisit this observation and update it when new evaluations results are available.





Companies are encouraged to share views on Proposed Observation 2-9-v1:
	Companies
	Comments

	
	

	
	



Topic#2-3 Potential enhancements at link level

	
Proposed Working assumption 2-10-v1:

RAN1 to consider link-level enhancement for at least the following channels:
· PDCCH
· PDSCH with Msg 4 
· PDSCH with SIB 1/SIB19.
The following potential link-level enhancements are for further study/evaluation:
· To enhance the coverage of PDSCH Msg 4 and PDSCH carrying SIB1, consider introducing PDSCH repetition, with the maximum number of repetitions being at least X (X to be defined).
· To enhance the coverage of PDCCH, consider the following solutions:
· Increase CORESET symbol number and aggregation level. 
· Enhance PDCCH repetition (e.g., for PDCCH scheduling system information)
· Reduce DCI size (e.g., 2-stage DCI)
 



Companies are encouraged to provide views on working assumption 2-10-v1:
	Companies
	Comments 

	
	

	
	



Proposals for online session on Day 3


Proposal 2-3-v2:
For coverage evaluation of PDCCH in NR NTN, the following table is assumed:

	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Aggregation level
	8

	Payload
	40 bits

	CORESET size
	2 symbols, 24 PRBs

	Tx Diversity 
	Reported by companies

	BLER
	1% BLER
optional for 10% BLER

	Number of SSB for broadcast PDCCH of Msg.2
	Reported by companies

	Other parameters
	Reported by companies





Proposal 2-2-v2:

For coverage evaluation of PDSCH in NR NTN, the following table is assumed:

	Parameter
	Value

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	HARQ configuration
	Whether/How HARQ is adopted is reported by companies.

	DMRS configuration
	3 DMRS symbols is used for PDSCH of Msg.2.
For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
PDSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	PRBs/TBS/MCS for data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.
24 PRBs for SIB1 and SIB19

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.
QPSK

	PDSCH duration
	12 OS

	Payload size for PDSCH of Msg.2
	72 bits

	Payload size for PDSCH of SIB1
	[1280 bits] 

	Payload size for PDSCH of Msg.4
	1040 bits

	Payload size for PDSCH of SIB19
	[600 bits] 

	Other parameters
	Reported by companies.





Proposal 2-4-v1: 

Antenna gain reduction due to steering loss is not considered in the link level evaluation.

Note: This is aligned with the assumptions made in Rel-18 UL coverage enhancement



Proposed Observation 2-5-v1:

The CNRs for the satellite payload parameters Set 1-1, Set 1-2 and Set 1-3 are equal to -1,9 dB, -1,9 dB and -9,9 dB respectively.



Proposal 2-1-v2:

SSB coverage performance should be evaluated for potential system level enhancements. The following assumptions are considered:

	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz
4 can be optionally considered and reported 

	Periodicity
	Case 1: 20ms, Case 2: 80ms, Case 3: 160ms, Case 4: Longer duration (TBD)

	Combination of SSBs
	4 combinations could be considered when relevant

	Doppler FO for PSS
	48 ppm

	CFO for PBCH
	0.1 ppm

	Other parameters
	Reported by companies.


Note 1: time drift caused by Doppler frequency offset should be considered for initial access in the LLS assumption for PSS detection.
Note 2: As per the WID SSB coverage performance evaluation does not aim to impact link level enhancements for other DL physical channels (e.g. PDCCH, PDSCH etc): Refer to justification clause within the WID: Link level to improve the link margin of selected physical channels in order to accommodate the EIRP reduction in FR1-NTN. A link margin improvement for physical channels (e.g. PDSCH and PDCCH) may be considered without impact on SSB design.



Proposal 1-1-v3

Confirm the Satellite phased-array antenna parameters for LEO 600km in FR1 defined in RAN WG1 #116 with an updated value of Steering loss at 30° elevation angle.
 
	Satellite phased array antenna Characteristics
	

	Orbit
	LEO-600km

	Frequency range/band
	FR1/S-Band

	Antenna element pattern
	Table7.3-1 in TR 38.901

	Horizontal/vertical 3 dB beam width of single element (degree)
	65 for H
65 for V

	Antenna polarization
	Circular (RHCP or LHCP)

	Number of antenna elements 
	400 elements (20 x 20)

	Equivalent satellite antenna aperture
	2m

	Element maximum gain
	4 dBi

	Antenna maximum gain
	30 dBi

	Steering loss at 30° elevation angle 
	2.5 dB



Al least the above model is considered for SLS to ease the alignment between evaluation results. The model proposed in R1-2403403 can be optionally considered in addition to the above model with the following modifications:

	Satellite phased array antenna Characteristics
	

	Orbit
	LEO-600km

	Frequency range/band
	FR1/S-Band

	Antenna element pattern
	Table7.3-1 in TR 38.901

	Horizontal/vertical 3 dB beam width of single element (degree)
	90 for H
90 for V

	Antenna element spacing
	0.5 lambda

	Antenna polarization
	Circular (RHCP or LHCP)

	Number of antenna elements 
	676 elements (26 x 26)

	Equivalent satellite antenna aperture
	2m

	Element maximum gain
	4 dBi

	Antenna maximum gain
	30 dBi (Note 1)

	Steering loss at 30° elevation angle 
	2.5 dB


Note 1: The maximum antenna gain is determined by considering an overall array efficiency of 50%. 


Proposed Observation 2-8-v1:

Based on preliminary results on PDCCH coverage evaluation collected from different sources:
· With parameter LEO600km Set1-1 and 1-2: Based on 16 sources observed that the required SNR for PDCCH is ranging from -7.9dB to -4.6dB and thereby no coverage gap with Set1-1/1-2 
· With parameter LEO600km Set1-3: 13 sources observed that there is a PDCCH coverage gap ranging from 2dB to 5.3dB 

Note 1: Further PDCCH performance evaluation is needed by considering the agreed evaluation assumptions for PDCCH performance. 
Note 2: RAN1 may need to revisit this observation and update it when new evaluations results are available.



Proposed Observation 2-9-v1:

Based on preliminary results on PDSCH coverage evaluation collected from different sources:
· With parameter LEO600km Set1-1 and 1-2: 
· 11 sources observed that there is no coverage gap for PDSCH with 3kbp: The coverage margin is ranging from 4.4dB to 12.56dB
· 7 sources observed that there is no coverage gap for PDSCH with 1Mbps: The coverage margin is ranging from 1.9dB to 5.4dB  
· 11 sources observed that there is no coverage gap for VoIP: The coverage margin is ranging from 6.5dB to 11.9dB  
· 14 sources observed that there is no coverage gap for PDSCH with Msg2: The coverage margin is ranging from 9.8 dB to 3.5dB  
· 14 sources observed that there is no coverage gap for PDSCH with Msg4: The coverage margin is ranging from 1.6dB to 5dB
· 1 source observed that there is a coverage gap of 1.43dB for PDSCH with Msg4 
· 8 sources observed that there is no coverage gap for PDSCH with SIB1/SIB19: The coverage margin is ranging from 0.87dB to 7.5dB
· 1 source observed that there is no coverage gap for PDSCH with paging with a coverage margin of 4.6dB

· With parameter LEO600km Set1-3: 
· 7 sources observed that there is no coverage gap for PDSCH with 3kbp: The coverage margin is ranging from 0.2dB to 8dB
· 1 source observed that there is coverage gap of 2.8dB for PDSCH with 3kbp
· 5 sources observed that there is coverage gap for PDSCH with 1Mbps: The coverage gap is ranging from 4.5dB to 7dB
· 7 sources observed that there is no coverage gap for VoIP: The coverage margin is ranging from 0.8dB to 3.9dB 
· 1 source observed that there is a coverage gap of 1.4dB for VoIP: 
· 5 sources observed that there is a coverage gap for PDSCH with Msg2: The coverage gap is ranging from 0.9 dB to 4.5dB  
· 8 sources observed that there is a no coverage gap for PDSCH with Msg2: The coverage margin is ranging from 0.2 dB to 3.5dB  
· 10 sources observed that there is a coverage gap for PDSCH with Msg4: The coverage gap is ranging from 1.6dB to 6.4dB
· 1 source observed that there is no coverage gap for PDSCH with Msg4: The coverage margin is equal to 0.4dB
· 5 sources observed that there is a coverage gap for PDSCH with SIB1/SIB19: The coverage gap is ranging from 0.4dB to 7dB
· 5 sources observed that there is a coverage gap for PDSCH with SIB1/SIB19: The coverage gap is ranging from 0.4dB to 7dB
· 1 source observed that there is a no coverage gap for PDSCH with SIB1/SIB19 with a coverage margin of 3.2dB  

Note 1: Further PDCCH performance evaluation is needed by considering the agreed evaluation assumptions for PDCCH performance. 
Note 2: RAN1 may need to revisit this observation and update it when new evaluations results are available.


Proposed Observation 2-6-v1:

Based on preliminary results on SSB coverage evaluation collected from different sources:
· With parameter LEO600km Set1-1 and 1-2, the required SNR for SSB detection is ranging from -10.8dB to -3.6dB and thereby no coverage gap is observed for LEO600km Set1-1 and 1-2.
· With parameter LEO600km Set1-3:
· 7 sources observed that with 4 SSB combinations the SSB can be successfully detected with a margin ranging from 0.2dB to 6.68dB
· 3 sources observed that there is a coverage gap of 3.4 dB, 3dB and 0.78dB respectively even with 4 SSB combinations.
· 3 sources observed that there is a coverage gap of 4dB, 2.95 dB and 1.8dB respectively with a single SSB detection.

Note 1: Further SSB performance evaluation is needed by considering the agreed evaluation assumptions for SSB performance. 
Note 2: RAN1 may need to revisit this observation and update it when new evaluations results are available.

Proposals for offline session on Day 4

Proposal 2-2-v3

For coverage evaluation of PDSCH in NR NTN, the following payload sizes for PDSCH are assumed:

	Payload
	value

	Payload size for PDSCH of SIB1
	Option 1: 800 bits 
Option 2: 1280 bits

	Payload size for PDSCH of SIB19
	632 bits



Note: At least the above values are simulated and reported. Other values (e.g. 400 bits for SIB19) can be considered.


Proposal 1-2-v0

For DL coverage study at system level, It is up to companies to report the following parameters for LEO600km Set1-1 FR2:

	Beam size

	Satellite EIRP density /beam (dBW/MHz)

	Payload Total DL power level (dBW)

	Aggregated EIRP (Total) (dBW)

	Satellite Tx max Gain

	EIRP per Satellite beam (dBW)




Proposal 2-11-v0
For coverage performance evaluation of DL channels/signals at least before the SIB19 acquisition, the maximum Doppler frequency drift is assumed to be equal to 0.27 ppm/s based on TR 38.821.


Proposal 2-1-v2:
SSB coverage performance should be evaluated for potential system level enhancements. The following assumptions are considered:

	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz
4 can be optionally considered and reported 

	Periodicity
	Case 1: 20ms, Case 2: 80ms, Case 3: 160ms, Case 4: Longer duration (TBD)

	Combination of SSBs
	4 combinations could be considered when relevant

	Doppler FO for PSS
	24 ppm

	CFO for PBCH
	0.1 ppm

	Other parameters
	Reported by companies.


Note 1: time drift (48 ppm) caused by Doppler frequency offset should be considered for initial access in the LLS assumption for PSS detection.
Note 2: As per the WID SSB coverage performance evaluation does not aim to impact link level enhancements for other DL physical channels (e.g. PDCCH, PDSCH etc): Refer to justification clause within the WID: Link level to improve the link margin of selected physical channels in order to accommodate the EIRP reduction in FR1-NTN. A link margin improvement for physical channels (e.g. PDSCH and PDCCH) may be considered without impact on SSB design.


Proposal 2-1-v3:

For the SSB coverage evaluation as agreed in RAN1#116, Tthe following assumptions are considered used:

	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz
4 can be optionally considered and reported 

	Periodicity
	Case 1: 20ms, Case 2: 80ms, Case 3: 160ms, Case 4: Longer duration (TBD)

	Combination of SSBs
	4 combinations could be considered when relevant

	Maximum Doppler FO for PSS
	24 ppm

	CFO for PBCH
	0.1 ppm

	Other parameters
	Reported by companies.


Note 1: time drift caused by Doppler frequency offset should be considered for initial access in the LLS assumption for PSS detection.
Note 2: SSB coverage performance evaluation does not aim to impact link level enhancements for other DL physical channels (e.g. PDCCH, PDSCH etc


Companies are encouraged to share views on the above proposals:
	Companies
	Comments

	Huawei, HiSilicon
	After some offline discussion with some companies, it was already agreed in RAN1#116 meeting to evaluate SSB. So, there is no reason to block the discussion on the link level simulation assumption for SSB. We propose the following changes based on offline discussions:
SSB coverage performance should be evaluated for potential system level enhancements. For the SSB coverage evaluation as agreed in RAN1#116, Tthe following assumptions are considered used:

	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz
4 can be optionally considered and reported 

	Periodicity
	Case 1: 20ms, Case 2: 80ms, Case 3: 160ms, Case 4: Longer duration (TBD)

	Combination of SSBs
	4 combinations could be considered when relevant

	Doppler FO for PSS
	48 24 ppm

	CFO for PBCH
	0.1 ppm

	Other parameters
	Reported by companies.


Note 1: time drift caused by Doppler frequency offset should be considered for initial access in the LLS assumption for PSS detection.
Note 2: As per the WID SSB coverage performance evaluation does not aim to impact link level enhancements evaluation for other DL physical channels (e.g. PDCCH, PDSCH etc): Refer to justification clause within the WID: Link level to improve the link margin of selected physical channels in order to accommodate the EIRP reduction in FR1-NTN. A link margin improvement for physical channels (e.g. PDSCH and PDCCH) may be considered without impact on SSB design.


	
	















Proposals for online session on Day 4

Proposal 2-2-v3:

For coverage evaluation of PDSCH in NR NTN, the following payload sizes for PDSCH are assumed:

	Payload
	value

	Payload size for PDSCH of SIB1
	Option 1: 800 bits 
Option 2: 1280 bits

	Payload size for PDSCH of SIB19
	632 bits



Note: At least the above values are simulated and reported. Other values (e.g. 400 bits for SIB19) can be considered.


Proposal 1-2-v0:

For DL coverage study at system level, it is up to companies to report the following parameters for LEO600km Set1-1 FR2:
	Beam size

	Satellite EIRP density /beam (dBW/MHz)

	Payload Total DL power level (dBW)

	Aggregated EIRP (Total) (dBW)

	Satellite Tx max Gain

	EIRP per Satellite beam (dBW)




Proposal 2-11-v0:

For coverage performance evaluation of DL channels/signals at least before the SIB19 acquisition, the maximum Doppler frequency drift is assumed to be equal to 0.27 ppm/s based on TR 38.821.



Proposal 2-1-v3:

For the SSB coverage evaluation as agreed in RAN1#116, Tthe following assumptions are considered used:

	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz
4 can be optionally considered and reported 

	Periodicity
	Case 1: 20ms, Case 2: 80ms, Case 3: 160ms, Case 4: Longer duration (TBD)

	Combination of SSBs
	4 combinations could be considered when relevant

	Maximum Doppler FO for PSS
	24 ppm

	CFO for PBCH
	0.1 ppm

	Other parameters
	Reported by companies.


Note 1: time drift caused by Doppler frequency offset should be considered for initial access in the LLS assumption for PSS detection.
Note 2: SSB coverage performance evaluation does not aim to impact link level enhancements for other DL physical channels (e.g. PDCCH, PDSCH etc)


Proposal 2-1-v2:
SSB coverage performance should be evaluated for potential system level enhancements. The following assumptions are considered:

	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz
4 can be optionally considered and reported 

	Periodicity
	Case 1: 20ms, Case 2: 80ms, Case 3: 160ms, Case 4: Longer duration (TBD)

	Combination of SSBs
	4 combinations could be considered when relevant

	Doppler FO for PSS
	24 ppm

	CFO for PBCH
	0.1 ppm

	Other parameters
	Reported by companies.


Note 1: time drift (48 ppm) caused by Doppler frequency offset should be considered for initial access in the LLS assumption for PSS detection.
Note 2: As per the WID SSB coverage performance evaluation does not aim to impact link level enhancements for other DL physical channels (e.g. PDCCH, PDSCH etc): Refer to justification clause within the WID: Link level to improve the link margin of selected physical channels in order to accommodate the EIRP reduction in FR1-NTN. A link margin improvement for physical channels (e.g. PDSCH and PDCCH) may be considered without impact on SSB design.



Conclusion and FL recommendations

FL Recommendation:

For link level evaluation results reporting, companies are encouraged to use the following template to ease the collection of LLS results:

	Company
	Channel/signal
	
	2Rx
	Comment (note 1)

	
	
	
	Required SNR
	Gap
	

	
	
	Payload size or TBS size (bit)
	
	Set1-1,1-2
	Set1-3
	

	Company
	3kbps
	
	
	
	
	

	
	1Mbps
	
	
	
	
	

	
	VoIP
	
	
	
	
	

	
	Msg2
	72 
	
	
	
	

	
	Msg4
	1040
	
	
	
	

	
	SIB1 (option 1)
	800
	
	
	
	

	
	SIB1(option 2)
	1280
	
	
	
	

	
	SIB19
	616
	
	
	
	

	
	PDCCH
	
	
	
	
	

	
	PDCCH rep
	
	
	
	
	

	
	…
	
	
	
	
	


Note 1: please indicate other useful information that can facilitate the comparison between companies results such as number of repetitions, number of PRB, BLER target etc


RAN1#116bis made the following agreements:

Agreement
For coverage evaluation of PDCCH in NR NTN, the following table is assumed:

	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Aggregation level
	8

	Payload
	40 bits

	CORESET size
	2 symbols, 24 PRBs

	Tx Diversity 
	Reported by companies

	BLER
	1% BLER
optional for 10% BLER

	Number of SSB for broadcast PDCCH of Msg.2
	Reported by companies

	Other parameters
	Reported by companies




Agreement
For coverage evaluation of PDSCH in NR NTN, the following table is assumed:

	Parameter
	Value

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	HARQ configuration
	Whether/How HARQ is adopted is reported by companies.

	DMRS configuration
	3 DMRS symbols is used for PDSCH of Msg.2.
For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
PDSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	PRBs/TBS/MCS for data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.
24 PRBs for SIB1 and SIB19

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.
QPSK

	PDSCH duration
	12 OS

	Payload size for PDSCH of Msg.2
	72 bits

	Payload size for PDSCH of SIB1
	FFS

	Payload size for PDSCH of Msg.4
	1040 bits

	Payload size for PDSCH of SIB19
	FFS

	Other parameters
	Reported by companies.




Agreement
Antenna gain reduction due to steering loss is not considered in the link level evaluation.
Note: This is aligned with the assumptions made in Rel-18 UL coverage enhancement

Observation
The CNRs for the satellite payload parameters Set 1-1, Set 1-2 and Set 1-3 are equal to -1.9 dB, -1.9 dB and -9.9 dB respectively.


Agreement
Confirm the Satellite phased-array antenna parameters for LEO 600km in FR1 defined in RAN1#116.
 
	Satellite phased array antenna Characteristics
	

	Orbit
	LEO-600km

	Frequency range/band
	FR1/S-Band

	Antenna element pattern
	Table7.3-1 in TR 38.901

	Horizontal/vertical 3 dB beam width of single element (degree)
	65 for H
65 for V

	Antenna element spacing
	0.667 lambda

	Antenna polarization
	Circular (RHCP or LHCP)

	Number of antenna elements 
	400 elements (20 x 20)

	Equivalent satellite antenna aperture
	2m

	Element maximum gain
	4 dBi

	Antenna maximum gain
	30 dBi

	Steering loss at 30° elevation angle 
	4 dB



Al least the above model is considered for SLS to ease the alignment between evaluation results. The model below can be optionally considered:

	Satellite phased array antenna Characteristics
	

	Orbit
	LEO-600km

	Frequency range/band
	FR1/S-Band

	Antenna element pattern
	TR38.820 section 7.2.4	

	Horizontal/vertical 3 dB beam width of single element (degree)
	90 for H
90 for V

	[bookmark: _Hlk164266843]Antenna element spacing
	0.5 lambda

	Antenna polarization
	Circular (RHCP or LHCP)

	Number of antenna elements 
	676 elements (26 x 26)

	Equivalent satellite antenna aperture
	2m

	Element maximum gain
	4 dBi

	Antenna maximum gain
	30 dBi (Note 1)

	Steering loss at 30° elevation angle 
	2.5 dB


Note 1: The maximum antenna gain is determined by considering an overall array efficiency [of 50%.] 



Agreement
For coverage evaluation of PDSCH in NR NTN, the following payload sizes for PDSCH are assumed:

	Payload
	value

	Payload size for PDSCH of SIB1
	Option 1: 800 bits 
Option 2: 1280 bits

	Payload size for PDSCH of SIB19
	616 bits



Note: At least the above values are simulated and reported. Other values can be considered.
Note: the values above are not the TBS.


Agreement
For DL coverage study at system level, it is up to companies to report the following parameters for LEO600km Set1-1 FR2:
	Beam size

	Satellite EIRP density /beam (dBW/MHz)

	Payload Total DL power level (dBW)

	Aggregated EIRP (Total) (dBW)

	Satellite Tx max Gain

	EIRP per Satellite beam (dBW)




Agreement
For coverage performance evaluation of DL channels/signals before the SIB19 acquisition, the maximum Doppler frequency drift is assumed to be equal to 0.27 ppm/s based on TR 38.821.




Appendix I

	Source
	

	R1-2401988
	THALES
	Observation 1: 
In NR NTN, the satellite beam illumination plan using satellite optimized beam hopping should take into account several constraints:
· The total available payload power 
· The total number of satellite beams: hundreds of beams maybe needed for the coverage of target service area.
· The nominal DL power density per satellite beam:  e.g. a satellite EIRP density of 34 dBW/MHz at LEO600km orbit [TR 38.821]
· The configuration of the 5G common channels and signals, such as the SSB, SIB1, other SIBs e.g. SIB19, the PDCCH and PRACH occasions.
· The traffic demand and the number of RRC active users in each beam
· The configuration of UE specific signals and channels: periodic/semi-static CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, and positioning RS (PRS)
· Discontinuous Transmission (DTX) and Discontinuous Reception (DRX)
· The dwell time of a satellite beam which depends on the configuration of common channels and signals, the configuration of UE specific channels and signals and the user traffic type.
· The quality of service (QoS) and the QoE provided to the end user: 
· It should not be allowed to not illuminate the beam for long duration: 
· which could be seen from RRC connected UEs perspective as a radio link failure leading to call/PDU session drops. 
· And will introduce large latency for network access
It should not be allowed to illuminate the beam for short duration (short satellite beam dwell time) leading to a degraded user throughput.

Observation 2: 
Different solutions should be combined together to enable an efficient beam hopping in 5G NTN:
· Take benefit of beam management techniques specified in 5G NR and adopted as baseline in 5G NTN
· Satellite payload power saving techniques are also needed: Leveraging the new techniques that are being studied and specified in 3GPP Release-18 and Release-19 as part of Network Energy Saving (NES) work item
· Downlink coverage enhancements (CE) at link level: to extend the number of satellite beams that could be simultaneously activated/illuminated the nominal available power per beam could be dynamically split between several beams (e.g between 4 beams which lead to a power reduction of 6dB). DL CE is needed to cope with such DL Power reduction.

Observation 3: The minimum size of NR beam is the satellite beam’s size

Observation 4: One-beam per cell and multiple-beam per cell are supported in existing NR specifications and are baseline for NR NTN (Release-17 agreement).

Observation 5: 
In existing specifications, number of NR beams is chosen according to the beam width and meant to cover the whole cell. The maximum number of beams L defined by 3GPP and dependent on frequency band is only equal to L=4 in S-band. In NTN, for an optimized illumination plan larger cells may need to be deployed and thereby, L=4 may not be sufficient in S-Band.

Observation 6:
Based on  RAN1 DL NTN CE Study in Release-18, a power reduction up to 6dB (to be confirmed by Rel-19 Link level study) can be applied without impact on the performance on SSB detection

Observation 7: Set1-2 FR1 with % simultaneously active beams of 1,5% requires SSB periodicity of at least 80ms. That is, a default periodicity of 20ms is not doable for such deployment scenario.
  
Observation 8: Set 1-1 and Set 1-3 FR1 with % simultaneously active beams of 10% increasing the SSB periodicity from up to 160ms allows an increase of the cell available capacity for user traffic and the cell throughput by 30%.

Observation 9: Set1-2 FR1 can work with a default SSB periodicity of 20ms if and only if the % simultaneously active beams is at least equal to 4.1% (only 394 beam are illuminated)

Observation 10: The Carrier-to-noise ratio (CNR) for the satellite payload parameters Set 1-1, Set 1-2 and Set 1-3 is equal to  -1,89 dB, -1,89 dB and -9,89 dB respectively.

Observation 11: 
For PDSCH with 3 kbps with parameter Set-1-1/ Set-1-2/ Set-1-3 for LEO-600 operating at LOS the existing specification can meet the performance requirement.

Observation 12: 
For PDSCH with 1 Mbps with parameter Set-1-3 for LEO-600 operating at LOS the existing specification cannot meet the performance requirement with a gap of -5,29 dB.

Observation 13: 
For PDSCH with VoIP with parameter Set-1-1/ Set-1-2/ Set-1-3 for LEO-600 operating at LOS the existing specification can meet the performance requirement.

Observation 14: 
For PDCCH with parameter Set-1-3 for LEO-600 operating at LOS the existing specification cannot meet the performance requirement with a gap of -2,19dB.

Proposal 1:
RAN1 to determine the maximum power reduction that can be applied in DL without impacting SSB design

Proposal 2:
RAN1 to consider techniques/enhancement enabling an optimized Satellite beam illumination plan/beam hopping.
These enhancements should allow legacy UEs to be able to continue accessing a network implementing these new Rel-19 features, with the possible exception of techniques developed specifically for greenfield deployments.

Proposal 3:
The following potential enhancements may be considered to enable an optimized Satellite beam illumination plan/beam hopping:
· Adaptation of common signals and channels for an optimized Satellite beam illumination plan, such as:
· Static skipping one or more of SSB/SIB1 transmission
· Configuration/adaptation of longer periodicity of common signals and/or uplink random access opportunities e.g. Statically adapting the periodicity of SSB longer than 20ms up to 1280ms (with current maximum periodicity being 160ms)
· Considering a maximum number of beams L equal to L=8 or higher in S-band. 

Proposal 4:
RAN1 to study coverage enhancements techniques allowing for a reduced dwell time of a satellite beam (time duration during which the beam is active) such as techniques with a reduced number of repetitions.

Proposal 5: Antenna gain reduction due to steering loss is not considered in the link level evaluation

Proposal 6:
SSB coverage performance should be evaluated. The following assumptions are considered:

	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz
4 can be optionally considered and reported 

	Periodicity
	Case 1: 20ms, Case 2: 80ms, Case 3: 160ms, Case 4: Longer duration (TBD)

	Combination of SSBs
	4 combinations could be considered for case 1

	Other parameters
	Reported by companies.



Proposal 7:
For coverage evaluation of PDSCH in NR NTN, the following table is assumed:

	Parameter
	Value

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	HARQ configuration
	Whether/How HARQ is adopted is reported by companies.

	DMRS configuration
	3 DMRS symbols is used for PDSCH of Msg.2.
For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
PDSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	PRBs/TBS/MCS for data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.
QPSK

	PDSCH duration
	12 OS

	Payload size for PDSCH of Msg.4
	1040 bits

	Other parameters
	Reported by companies.

	Other parameters
	Reported by companies

	
Note: For PDSCH evaluation, SIB1 should be treated with same way as Msg4 PDSCH since the combination of SIB1 is not mandatory from UE perspective




Proposal 8:
For coverage evaluation of PDCCH in NR NTN, the following table is assumed:

	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Aggregation level
	8

	Payload
	40 bits

	CORESET size
	3 symbols, 24 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER
optional for 10% BLER

	Number of SSB for broadcast PDCCH of Msg.2
	Reported by companies

	Other parameters
	Reported by companies



Proposal 9:
RAN1 to introduce enhancements on the DL coverage of the following channels:
· PDCCH
· PDSCH with 1 Mbps


	R1-2402003
	Huawei, HiSilicon
	Observation 1: The beam layout assumed for the agreed satellite payload parameters LEO600km Set 1-1/1-2/1-3 is based on uniform hexagonal beam layout with fixed diameter, which is different from the beam layout defined in Table 6.1.1.1-4 in TR 38.821.
Observation 2:  Beam hopping transmission of common control signal/channel within increased SSB periodicity increase the common control channel coverage ratio to improve system level coverage for all the three LEO600km satellite parameter sets.
Observation 3: Beam hopping transmission of common control signal/channel within increased SSB periodicity can also reduce the system common control channel overhead for all the three LEO600 parameter sets.
Observation 4: The UPT for traffic type of VoIP, IM and FTP3 can be improved, and meanwhile the cell throughput for IM and FTP is improved for Case 4 compared with Case 3 considering the reduced common control channel overhead. 
Observation 5: According to current specification, PBCH cannot be combined if the total time span exists 80ms.
Observation 6: With parameter LEO60km Set1-1 and 1-2 considered, no coverage gaps are found for all DL channels.
Observation 7: 3.4 dB coverage gap is observed for PSS detection in LEO set1-3 due to the very low EIRP density.

Proposal 1: Clarify that the beam footprints agreed in the LEO600km Set 1-1/1-2/1-3 assume the uniform hexagonal beam layout and the beam size of 50km refers to the  inter-beam spacing (IBS), i.e. the distance between two adjacent hexagon. 
Proposal 2:  Beam hopping transmission of common control signal/channel within increased SSB periodicity is supported to increase the system level coverage ratio in NR NTN.
Proposal 3: For NR NTN UE, the default SSB periodicity assumed by UE during initial access is enlarged to support higher system level coverage ratio in NR NTN.
Proposal 4:  At least SSB periodicity of 320ms are introduced in SIB1 for NR NTN UE to enable the wider system coverage in Rel-19 NR NTN.
Proposal 5: Time drift caused by Doppler frequency offset should be considered in the LLS assumption for PSS detection. 


	R1-2402078
	Ericsson
	Observation 1	The adopted UV plane is not a fitting methodology to allow an accurate inter-beam interference calculation, nor a placement of high number of spot beam tier layouts.
Observation 2	The adopted ABS definition couples the satellite antenna beam width, which is a fixed simulation configuration, with the ABS. As an effect, the system cannot be optimized in terms of number of beam footprints within the satellite coverage area and SNR/SIR balancing.
Observation 3	If one increases the ABS by , then the hexagonal cell area increases by  in the UV plane. Then, the number of satellite beam footprints required to provide the coverage to the specific region of interest can be decreased by increasing the ABS in the UV plane.
Observation 4	For FRF = 1, larger ABS with the same HPBW reduces the aggregate interference and hence improves the downlink SINR in majority UE locations (excluding the cell-edge users), while marginally decreasing the SINR for the cell-edge users.
Observation 5	For FRF = 3 and BH with TRF = 3, larger ABS with the same HPBW reduces interference and hence improves the downlink SINR in a limited number of UE locations (i.e., around the cell center), while reducing the SINR for majority UE locations, including the cell-edge users.
Observation 6	Larger ABS allows to reduce the required time reuse factor which in turn yields increased beam illumination ON-time for a given Trevisit in the context of beam hopping.
Observation 7	The existing UE distribution model does not reflect the expected NTN deployment in terms of cell user density, cell population/traffic imbalance.
Observation 8	The CNRs for Set1-1/Set1-2 and Set 1-3 are computed as -1.88 dB and -9.88 dB, respectively, which translates to -5.88 dB and -13.88 dB, respectively, when the 4 dB beam steering loss is applied.
Observation 9	Due to the relatively lower satellite EIRP density per beam, Set 1-3 provides lower CNR value. This leads to the reduction in the link margin and hence the downlink coverage performance.
Observation 10	From preliminary link budget evaluations on DL physical channels, the link margin of SSB (which is a DL physical channel that shall be detected during initial access) was used as reference, and then link margin difference between SSB and other DL physical channels was estimated as follows: ΔSSB-PDCCH ~ +2.56 dB , ΔSSB-PDSCH ~ -1.7 dB (meaning Msg2 PDSCH outperforms SSB), ΔSSB-PDSCH_Msg4 ~ +2.2 dB, and ΔSSB-PDSCH_low_data_rate ~ +2.1 dB.
Observation 11	Overall DL is not a bottleneck since typically there is a large coverage margin between SSB and the UL physical channels (e.g., PUSCH), thus the coverage enhancement target in dB can be moderate aiming at enhancing the DL channels or the most imbalanced DL channel with respect SSB (otherwise DL and UL might become even more imbalanced).

Proposal 1	RAN1 to consider beam layout with at least one increased value of ABS (e.g., 0.1157, equivalently, beam size of 86.6 km) in addition to the baseline ABS of 0.0668 (equivalently beam size of 50 km) with the same HPBW.
Proposal 2	RAN1 to discuss the baseline techniques such as FRF = 1 and FRF = 3 while comparing the performance of beam hopping technique in the downlink coverage enhancements and the specification impact point of view.
Proposal 3	RAN1 to consider beam layout with larger ABS without increasing the HPBW in the system-level evaluations of the downlink coverage enhancements study.
Proposal 4	RAN1 aim to consider the low or moderate time reuse factors (that allows reasonable Tdwell) in the context of beam hopping to limit the specification impact.
Proposal 5	RAN1 to revisit the UE distribution model to reflect the relevant NTN deployment aspects, including the non-uniformity of the traffic distribution in system-level evaluation of beam hopping.
Proposal 6	RAN1 to discuss the typical element spacing employed in the Satellite antennas, which is necessary to set the element peak gain and hence the number of elements fit within a certain antenna aperture as function element spacing.
Proposal 7	Given that the CNR value is relatively lower for Set 1-3, RAN1 to revisit the setting of Set 1-3 or to prioritize Set 1-1/1-2 in the study.
Proposal 8	RAN1 to consider the settings in Table 5 for PDCCH link-level simulation in the study of downlink coverage enhancements.
Proposal 9	RAN1 to discuss the impact on the legacy UEs due to the increased periodicity of SSB.


	R1-2402120
	Spreadtrum Communications
	Observation 1: For Set1-1 FR1/ Set1-2 FR1, coverage enhancement on PDCCH is unnecessary.
Observation 2: For Set1-3 FR1, coverage enhancement on PDCCH can be considered due to the 2.6 dB coverage gap.
Observation 3: For Set1-1 FR1/ Set1-2 FR1/ Set1-3 FR1, coverage enhancement on PDSCH for Msg2 is unnecessary since there is no coverage gap.
Observation 4: For Set1-1 FR1/ Set1-2 FR1/ Set1-3 FR1, coverage enhancement on PDSCH for Msg4 is unnecessary since there is no coverage gap.
Observation 5: For Set1-1 FR1/ Set1-2 FR1, coverage enhancement on PDSCH for VoIP is unnecessary since there is no the coverage gap.
Observation 6: For Set1-3 FR1, coverage enhancement on PDSCH for VoIP should be considered due to the 1.4 dB coverage gap.
Observation 7: For Set1-1 FR1/ Set1-2 FR1/ Set1-3 FR1, coverage enhancement on PDSCH for low date rate service is unnecessary since there is no coverage gap.

Proposal 1: M-TRP based PDCCH repetition in R16 can be as a start point for PDCCH coverage enhancement in NR NTN.
Proposal 2: The enhancement of PDSCH coverage in RRC CONNECTED mode needs to consider the impact on spectral efficiency of system.
Proposal 3: Beam scheduling in a TDM manner or beam hopping consider the specification impacts on the following activities in RRC IDLE/INACTIVE mode.
· RRM measurement
· System information updates
· Paging message reception
· RACH procedure
· SDT
Proposal 4:  The following two schemes for NES can be considered for achieving dynamic and flexible power sharing between satellite beams in RRC CONNECTED mode.
· Cell DTX
· Adaptation of transmission power of signals and channels


	R1-2402173
	InterDigital, Inc.
	Observation 1: NES Cell DTx and cell DRx mechanisms may provide a very suitable baseline for NTN scenarios to perform power sharing among satellite beams and to periodically activate and de-activate a subset of satellite beams.
Observation 2: Turning on and off the satellite beams in binary fashion may result in QoS degradations.
Observation 3: Satellite payloads need to perform flexible power sharing among the beams to keep a balance between the QoS provisioning and satellite power constraints.
Observation 4: Spatial domain adaptation techniques standardized in Rel-18 NES work may have very large overhead for NTN scenarios and use cases to adapt the beam footprint.
Observation 5: The UEs need to be indicated at least the gNB employed spatial domain adaptation to be able to successfully decode PDSCH when the network is employing spatial adaptations with or without power domain adaptations.

These observations and the discussion have led to the following proposals:
Proposal 1: The network can use NES cell DTx and cell DRx mechanisms to activate and de-activate satellite beams in a periodic manner.
Proposal 2: RAN1 to support flexible fractional power sharing among the satellite beams.
Proposal 3: Satellite beams may adapt spatial footprint based upon coverage requirements and active traffic without UE feedback.
Proposal 4: The network uses higher aggregation factor for PDCCH transmission while the satellite beams are in power sharing mode.
Proposal 5: PDCCH can be repeated multiple times to compensate the PDCCH coverage loss due to power sharing among the satellite beams.
Proposal 6: PDSCH can be transmitted with a higher number of repetitions with fractional power transmission from satellite beams. 


	R1-2402259
	vivo
	Observation 14: For LEO600km Set1-1 FR1, during the 20ms period of SSB, the total 1058 satellite beam footprints can be illuminated in sequence with the following beam hopping mechanism:
-2ms dwell time for each SSB pattern, 106 simultaneously activated beams, and 20ms revisit time contains 10 SSB patterns in a TDMed manner. In this mechanism, N2=N3=106, N1=952.
Observation 15: For LEO600km Set1-1 FR1, based on link budget analysis, no channel needs to be enhanced if 0.013dB loss is considered.
Observation 16: For LEO600km Set1-1 FR1, based on the system level simulation, it can be seen that the performance of UE, e.g., UPT or SE, is basically matched with the performance provided in TR38.821 (R17 NTN performance)
Observation 17: For LEO600km Set1-2 FR1, when SSB transmission, larger beam sizes can be considered to reduce the total number of beam footprints, e.g., beam size of 66km resulting in the 640 beam footprints in total.
Observation 18:  For LEO600km Set1-2 FR1 with 66km beam size, during the 20ms period of SSB, the total 640 satellite beam footprints can be illuminated in sequence with a properly designed beam hopping mechanism: 
-0.5ms dwell time for 1 SSB pattern with 16 simultaneously activated beams,  and 20ms revisit time contains 40 SSB patterns in a TDMed manner. In this mechanism, N2=N3=16, N1=624.
Observation 19: For LEO600km Set1-2 FR1 with 66km beam size, based on the link budget analysis, only PDSCH Msg4 suffers performance loss if an additional 3.64 dB loss is considered, while the performance loss can be easily solved by enabling retransmission.
Observation 20: For LEO600km Set1-2 FR1, based on the system level simulation, it can be seen that the performance of UE, e.g., UPT or SE, is basically matched with the performance provided in TR38.821 (R17 NTN performance)
Observation 21: For LEO600km Set1-3 FR1 when using method1, during the 20ms period of SSB, the total 1058 satellite beam footprints can be illuminated in sequence with the following beam hopping mechanism 1: 
-0.5ms dwell time for each SSB pattern, 106 simultaneously activated beams, and 20ms revisit time contains 40 SSB patterns in a TDMed manner, four beams cover the same footprint area simultaneously. In this mechanism, N2=N3=106, N1=952.
Observation 22: For LEO600km Set1-3 FR1, based on link budget analysis of method1, no channel need to be enhanced if 2dB loss is considered.
Observation 23: For LEO600km Set1-3 FR1, when SSB transmission, smaller beam sizes can be considered to increase the total number of beam footprints, e.g., beam size of 35km resulting in the 2056 beam footprints in total.
Observation 24: For LEO600km Set1-3 FR1 with 35km beam size (method2), during the 20ms period of SSB, the total 2056 satellite beam footprints can be illuminated in sequence with the following beam hopping mechanism: 
-0.5ms dwell time for each SSB pattern, 106 simultaneously activated beams,  and 20ms revisit time contains 40 SSB patterns in a TDMed manner, two beams cover the same footprint area simultaneously. In this mechanism, N2=N3=106, N1=1950.
Observation 25: For LEO600km Set1-3 FR1, based on the link budget analysis of method2, only PDSCH Msg4 suffers performance loss if an additional 3.69 dB loss is considered, while the performance loss can be easily solved by enabling retransmission.
Observation 26: For LEO600km Set1-3 FR1, based on the system level simulation, it can be seen that the performance of UE, e.g., UPT or SE, is basically matched with the performance provided in TR38.821 (R17 NTN performance)
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	R1-2402286
	Google
	Proposal 1: Support to indicate the EPRE ratio between the PDCCH and TRS to facilitate the AGC for PDCCH reception.
Proposal 2: Consider the PDCCH repetition operations for some PDCCH candidates in a search space for PDCCH coverage enhancement.
Proposal 3: Support to indicate the power offset between PDSCH and TRS by DCI with regard to dynamic power sharing.
Proposal 4: Compared to the coverage enhancement for PDSCH scheduled by non-fallback DCI, the coverage enhancement for PDSCH scheduled by DCI format 1_0 should be deprioritized.
Proposal 5: Support to transmit the SSB by multiple repetitions
· At least the number of repetitions for SSS and PBCH within an SSB should be the same


	R1-2402343
	OPPO
	Proposal 1: For system level study based on analytical evaluation: 
· The dwell time and revisit time of the beam footprints in state “off” are 0.
· The dwell time and revisit time of the beam footprints in state “common message only” and “active traffic” are reported by companies.
Proposal 2: For SSB and SIB coverage evaluation, the combination of 4 SSBs and 8 SIBs are respectively considered in the link level simulation.
Proposal 3: RAN1 to consider link-level enhancement of PDCCH and Msg4 PDSCH.
Observation 1: For DL coverage evaluation at system level, the majority of beam footprints are in state “off”.
Observation 2: For LEO600 set 1-1/set 1-3, the coverage ratio of the beam footprints in state “common message only” and state “active traffic” can achieve 100% when 80%-90% beam footprints in state “off” is assumed.
· The coverage ratio larger than 100% implies that satellite resource exceeds demand.
Observation 3: For LEO600 set 1-2, most of scenarios can achieve 100% DL coverage except the high cell load scenario.
· Extending the revisit time or increasing satellite beam number per cell can be considered to improve the DL coverage at system level.
· When the revisit time of the N3 beam footprints in state “active traffic” is 160ms, the coverage ratio can achieve 100% for all scenarios.
Observation 4: For LEO600 set1-1 and set1-2, there is no coverage issue for DL physical channels and at least 2.6 dB link margin is obtained.
Observation 5: For LEO600 set1-3, PDCCH and Msg4 PDSCH present 4.3 dB and 5.4 dB coverage performance gap respectively to be compensated, so link level enhancements are needed.


	R1-2402372
	CATT
	System level proposals:
Proposal 9: For downlink coverage enhancement, scenarios of Set 1-1 and Set 1-2 should be prioritized.
Proposal 10: Satellite parameters in TR 38.821 can be reused for LEO600km Set1 in FR2 and Table 2 can be adopted.
Proposal 11: Traffic type of IM and VoIP should be prioritized for evaluation.
Proposal 12: For satellites with multiple physical beams, a reasonable beam scheduling scheme needs to be designed to reduce the interference.
Proposal 13: For satellites with multiple physical beams, the introduction of frequency reuse technology should be taken into account to reduce the interference.
Proposal 14: The beam hopping mechanism with SSB periodicity extension can effectively improve satellite coverage and should be considered in system level enhancement.

Link level proposals:
Proposal 15: For link level evaluation, it is suggested to take the table 4 as the baseline for link budget analysis.
Proposal 16: Link level enhancement seems not be urgent from the evalution result.

Meanwhile some observations are listed as follows.
For system evaluation:
Observation 8: Under the random beam scheduling method, the interference is more severe when the number of physical beams is 106 compared to that of 16 physical beams.
Observation 9: In realistic deployment of LEO 600km at FR1, if one satellite can provide 16 beams activation, the coverage ratio can be optimized from 6% to 96.9%.
Observation 10: In realistic deployment of LEO 600km at FR1, if one satellite can provide 106 beams activation, the coverage ratio can be optimized from 40% to 80.2%.


For link level evaluation: 
Observation 11: SSB detection requires SNR about -5.5 dB, with 3.6 dB margin compared to CNR for LEO-600km set1. 
Observation 12: SSB combination is not suitable in the initial access due to larger Doppler shift.
Observation 13: PDCCH channels can meet the link budget result of CNR=-1.9dB, and do not require link-level enhancement.
Observation 14: All cases of PDSCH can meet the link budget requirement of CNR=-1.9dB, and do not require link-level enhancement.


	R1-2402483
	Samsung
	For link-level analysis, 
Observation 1: For set 1-1 and set 1-2, CNR range is -5.93dB to -10.93 dB and these sets may or may not meet SSB’s performance requirement according to the assumption of steering loss. 
Observation 2: For set 1-3, CNR range is -13.93dB to -18.93dB and this set cannot meet SSB’s performance requirement regardless of the assumption of steering loss. 
Observation 3: PDSCH (Msg 2) performance requirement can be met for set 1-1 and set 1-2.
Observation 4: PDSCH (Msg 4) performance requirement cannot not be met for set 1-1 and set 1-2. 
Observation 5: PDCCH and PDSCH (SIB1) performance requirements may or may not be met for set 1-1 and set 1-2 depending on the steering loss assumption.  
Proposal 1: Further discuss the value of EIRP value based on SSB performance results and steering losses.
Proposal 2: PDSCH (Msg2) enhancement is not considered in Rel-19 NTN.
Proposal 3: RAN1 consider potential enhancements for PDSCH (Msg4) in Rel-19 NTN. 
Proposal 4: RAN1 discusses whether to consider enhancements for PDCCH and PDSCH (SIB1) in Rel-19 NTN. 
Conclusion 5: RAN1 deprioritizes set 1-3 for further link level study in Rel-19 NTN.

For system-level analysis,
Observation 6: SSB performance requirement could not be met for set 1-3 based on 5% percentile SINR result.  
Proposal 4: RAN1 does not consider SSB related all discussions in Rel-19. 
Conclusion 2: RAN1 deprioritizes set 1-3 for further system level study in Rel-19 NTN.


	R1-2402580
	CMCC
	Observation 1. Considering NR NTN DL link budget results for LEO-600 with different satellite parameter sets, LEO-600 Set 1-3 provides the lowest CNR for DL.
Observation 2. Regarding LEO-600 Satellite with Set 1-1/1-2 parameters in LOS environment, when steering loss is not considered, there is no coverage gap of DL physical channels even with -5.5dBi UE antenna gain.
Observation 3. For DL coverage performance of LEO-600 Satellite with Set 1-1/1-2 parameters in LOS environment, when steering loss is considered, there would be a coverage gap for PDSCH carrying SIB1, Msg4 PDSCH and PDSCH for 1Mbps low data rate service.
· To support PDSCH carrying SIB1 with large payload size, about 2.81dB coverage gap needs to be enhanced.
· To support low-data rate service with 1Mbps target rates, 3.73dB coverage gap needs to be enhanced for PDSCH in connected mode.
· Msg4 PDSCH may need enhancements by 0.49 dB gap.
Observation 4. For LEO-600 satellite with Set1-3 parameters, even without additional loss, there are coverage gaps for PBCH by single SSB detection, PDSCH carrying SIB1, PDCCH, Msg4 PDSCH, PDSCH for 1Mbps low-data rate services.
· For initial access, PDSCH carrying SIB1 may need to be enhanced with about 6.81 dB coverage gap, and Msg4 PDSCH needs to be enhanced with 4.49 dB coverage gap.
· To support 1Mbps low-data rate service, 7.73 dB coverage gap needs to be enhanced for PDSCH.
· DL coverage needs to be enhanced with 3.52 dB for PDCCH.
Observation 5. For LEO-600 in FR1, with default 20ms SSB periodicity, 4 SSBs combination can provide better coverage performance and coverage margin is observed for different satellite parameters.
Observation 6. Some channels, e.g. PBCH with 4 SSB combination detection, can provide additional margins to support wider beams.
Observation 7. Additional SSB detection, e.g. SSB combinations, within the illumination window would facilitate the UE implementation for the DL synchronization. 
Observation 8. No obvious difference between N2 and N3 is observed,
· N2 beam footprints can support at least system information and UE initial access with wide/narrow beam
· N3 beam footprints can support both active traffic and system information with narrow beam

Proposal 1. The DL coverage performance for PDSCH carrying SIB1, SIB19 and paging should be evaluated for the DL coverage. The assumption of payload of those channels should be discussed and clarified. 
Proposal 2. The parameter tables for coverage evaluation of PDSCH/PDCCH in NR NTN agreed in R18 NR NTN can be referred for the simulation of NTN DL coverage performance.
Proposal 3. For the phased array antenna parameters for LEO 600km in FR1, confirm 4dB steering loss as a baseline for evaluation.
Proposal 4. When additional loss is not considered, DL coverage enhancements are not required for LEO-600 with Set 1-1/1-2 satellite parameters to serve the target service.
Proposal 5. When additional steering loss is considered, for LEO-600 with Set 1-1/1-2 satellite parameters, coverage enhancements are needed for PDSCH carrying SIB1, Msg4 PDSCH and PDSCH to support 1Mbps low data rate service.
Proposal 6. To support target services under LEO-600 scenario with set1-3 reference parameters, DL coverage enhancements need to be considered for PBCH, Msg4 PDSCH and PDSCH.
Proposal 7. For the detection of SSBs in NR NTN, 4 SSB combinations can be considered to improve the coverage performance.
Proposal 8. Additional SSB detection, e.g. SSB combinations, within the illumination window should be considered to facilitate the UE implementation for DL synchronization.
Proposal 9. It should be further clarified that the simultaneously active beam number as agreed for Set 1-1/2/3 are for UL or DL or both DL and UL, which will impact the design of the illumination window and revisit periods for the system level study. 
Proposal 10. To improve the coverage ratio of active beams, extending the SSB periodicity may be required, and longer duration (e.g., 320ms) of SSB periodicity can be further discussed.
Proposal 11. To extend the coverage ratio, the following system level enhancements can be considered, 
· Spatial domain enhancements
· Broader/wide beam size to serve larger area based on the link level evaluation
· Time domain enhancements
· Long revisit period and illumination window for each beam should be defined to improve the coverage ratio


	R1-2402589
	Lenovo
	Proposal 1: For link level evaluation assumption of PDCCH and PDSCH, reuse the agreement in RAN1#109.
Proposal 2: Support the link level simulation assumption for SSB proposed in RAN1#116 FL summary.
Proposal 3: Consider repetition of PDCCH/PDSCH for DL coverage enhancement.
Proposal 4: Consider the impact of large propagation delay and dynamic DL Tx power change in addition to on-off pattern indication in R19 NR NTN.


	R1-2402622
	ZTE
	Observation 1: Based on the SLS evaluation results, it is observed that the number of active beams that can be dedicatedly used for N2 beam footprints is either zero or very limited.
Observation 2: The 1058 beam footprints cannot be served with a maximum revisit time of 20ms.
Proposal 1: To transmit necessary information for cell discovery and initial access, extending the default SSB periodicity to at least 640ms can be considered. 
Proposal 2: It should be clarified that whether the same number simultaneously active beams are assumed for both DL and UL, and whether it can be active for the same beam footprint simultaneously. 
Proposal 3: The propagation time due to the unknown distance between the gNB and the UE should also be considered in the dwell time consideration.
Observation 3: The CNR for LEO-600 with 30-degree elevation angle is -1.9dB for set-1-1 and set 1-2, and -9.9dB for set-1-3.
Observation 4: For SSB detection, large frequency offset and timing drift should be considered since no compensation can be performed in initial DL synchronization.
Observation 5: The gain of 4-SSB combination detection with respect to single-shot SSB detection is only 1dB with consideration of large timing drift and frequency drift in NTN.
Observation 6: The required SNR for single-shot SSB detection is -5.9dB, which shows an SNR margin of 4 dB with respect to CNR for LEO-600 set 1-1 and set 1-2, but not lower than CNR for LEO-600 set 1-3. Even with 4-SSB combination, the required SNR is around -6.9 dB, which is still lower than CNR for set 1-3.
Proposal 4: The single-shot SSB detection should be taken as the baseline for both system level and link level analysis.
Observation 7: The required SNR for PDCCH is about -6.8 dB with single repetition, which shows an SNR margin of 4.9 dB with respect to CNR for LEO-600 set 1-1 and set 1-2, but not lower than CNR for LEO-600 set 1-3.
Proposal 5: For LEO-600 set 1-1 and set 1-2, link level enhancement on PDCCH is not needed. 
Proposal 6: For LEO-600 set 1-3, the link budget is not enough for PDCCH detection. Up to 4 repetitions may be needed to mitigate the SNR gap.
Observation 8: The required SNR for Msg2 PDSCH is about -11.2 dB, which shows an SNR margin of 9.3 dB with respect to CNR for LEO-600 set 1-1 and set 1-2, and 1.3 dB with respect to CNR for LEO-600 set 1-3.
Proposal 7: For all the satellite parameter sets for LEO-600, link level enhancement on PDCCH is not needed.
Observation 9: The required SNR for Msg4 PDSCH is about -4.5 dB, which shows an SNR margin of 2.6 dB with respect to CNR for LEO-600 set 1-1 and set 1-2, but not lower than CNR for LEO-600 set 1-3.
Proposal 8: For LEO-600 set 1-1 and set 1-2, link level enhancement on msg4 PDSCH is not needed. 
Proposal 9: For LEO-600 set 1-3, the link budget is not enough for msg4 PDSCH detection. Up to 4 repetitions may be needed to mitigate the SNR gap.
Observation 10: The required SNR for PDSCH of VoIP with 2 repetitions is about -10.8 dB, which shows an SNR margin of 8.9 dB with respect to CNR for LEO-600 set 1-1 and set 1-2, and 0.9 dB with respect to CNR for LEO-600 set 1-3.
Proposal 10: For all the satellite parameter sets for LEO-600, link level enhancement on PDSCH of VoIP is not needed.
Observation 11: The performance of 3kbps data service can be better than VoIP due to lower data rate. The performance of 1Mbps data service will be similar to Msg4 PDSCH without repetition due to similar data rate.
Proposal 11: For LEO-600 set 1-1 and 1-2, data service with 3kbps and 1Mbps can be supported without enhancement.
Proposal 12: For LEO-600 set 1-3, data service with 3kbps can be supported without enhancement, but data service with 1Mbps cannot be supported.


	R1-2402655
	Xiaomi
	Observation 1: The payload assumption for SIB1 and SIB19 need to be defined for further evaluation.
Observation 2: For Set1-1 FR1 and Set1-2 FR1, there is no bottleneck channel.
Observation 3: For Set1-3 FR1, the DL channels including PDCCH, Msg4 PDSCH, SIB1 PDSCH and SIB19 PDSCH need to be enhanced.
Observation 4: For common PDSCH coverage enhancement, a straightforward solution is repetition.
Observation 5: For PDCCH coverage enhancement, the possible solutions can be repetition, payload reduction and AL increasing.
Proposal 1:The following solutions can be studied to solve the SSB sweeping problem due to the limited simultaneously active beam ratio. 
· Solution 1: Increase the SSB number and change the SSB pattern for S band
· Solution 2: Associated the SSB index with the specific area/cell by NW implementation
· Solution 3: Change the UE’s assumption on default SSB periodicity for initial cell selection
Proposal 2: Time domain NES solutions such as on-demand SIB1, cell DRX/DRX can be studied for DL coverage enhancement in NTN.
Proposal 3: Beam based dynamic bandwidth adjustment for dynamic power sharing between beams can be studied for DL coverage enhancement in NTN.
Proposal 4: Beam based DL reference signal power indication can be studied for DL coverage enhancement in NTN.


	R1-2402752
	Baicells
	Observation 1: For LEO600km in FR1 (i.e., S-band), when elevation angle is 30 degree, CNR at the receiver are as following:

	
	LEO600km Set 1-1 FR1 (i.e., S-band)
	LEO600km Set 1-2 FR1 (i.e., S-band)
	LEO600km Set 1-3 FR1 (i.e., S-band)

	Satellite EIRP density /beam (dBW/MHz)
	34
	26

	CNR (dB) 
without considering steering loss
	-1.4
	-9.4

	CNR (dB) 
With steering loss = 4dB
	-5.4
	-13.4




Observation 2: Required SNR for PDSCH can be as low as from -9.0 to -13dB. But the required SNR for SSB does not have much flexibility.

Observation 3: Comparing the required SNR with the CNR for 30 degree elevation angle, For Set 1-1 FR1 and Set 1-2 FR1, CNR can be met the SNR requirement. But Set 1-3 FR1 can not met.

Proposal 1: For Set 1-3 FR1, consider smaller coverage scope (higher elevation angle) or higher EIRP density to mitigate the shortage in link budget.

Observation 4: For LEO600km in FR1 (i.e., S-band), when elevation angles are 30, 60 and 90 degree, CNRs are as following:

	
	LEO600km Set 1-1 FR1 (i.e., S-band)
	LEO600km Set 1-2 FR1 (i.e., S-band)
	LEO600km Set 1-3 FR1 (i.e., S-band)

	Satellite EIRP density /beam (dBW/MHz)
	34
	26

	CNR (dB) 
when elevation angle = 30deg,  steering loss = 4dB
	-5.4
	-13.4

	CNR (dB) 
when elevation angle = 60deg,  steering loss = 2dB
	0.5
	-7.5

	CNR (dB) 
when elevation angle = 90deg,  steering loss = 0dB
	3.7
	-4.3




Observation 5: For LEO600km in FR1 (i.e., S-band), evaluation results on cell throughput are as below:

	
	LEO600km Set1-1 FR1 (i.e., S-band)
	LEO600km Set1-2 FR1 (i.e., S-band)
	LEO600km Set 1-3 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz
	5 MHz
	5 MHz

	Satellite EIRP density /beam (dBW/MHz)
	34
	34
	26

	Total number of simultaneously active beams
	106
	16
	106

	Throughput /Beam (Mbps)
(Average) (without considering interference)
	3.07
	3.07
	0.66

	Throughput of the Cell (Mbps)
(Without considering beam interference)
	325.8
	49.2
	69.6

	Throughput of the Cell (Mbps)
(Considering beam interference, FFS)
	Far less than 325.8
	Less than 49.2 
	Far less than 69.6 




Proposal 2: For DL coverage study at system level, consider the following additional reference satellite payload parameters for LEO600km in FR2 (i.e., Ka-band), referred to as Set1-1 FR2, Set1-2 FR2:


	LEO600km Set1-1 FR2 (i.e., Ka-band)

	Maximum Bandwidth per beam
	400 MHz

	SCS
	120 kHz

	Beam size
	20km

	Satellite EIRP density /beam (dBW/MHz)
	34

	Payload Total DL power level (dBW)
	32.3

	Aggregated EIRP (Total) (dBW)
	70.8

	Satellite Tx max Gain (dBi)
	38.5

	EIRP per Satellite beam (dBW)
	60.0

	Total number of beam footprints
	800 (note 1)

	Total number of simultaneously active beams
	12

	% simultaneously active beams
	1.5 %

	




	LEO600km Set1-2 FR2 (i.e., Ka-band)

	Maximum Bandwidth per beam
	400 MHz

	SCS
	120 kHz

	Beam size
	20km

	Satellite EIRP density /beam (dBW/MHz)
	26

	Payload Total DL power level (dBW)
	24.3

	Aggregated EIRP (Total) (dBW)
	62.8

	Satellite Tx max Gain
	38.5

	EIRP per Satellite beam (dBW)
	52.0

	Total number of beam footprints
	800 (note 1)

	Total number of simultaneously active beams
	12

	% simultaneously active beams
	1.5 %

	



Observation 6: For LEO600km in FR2 (i.e., Ka-band), when elevation angle is 30 degree, CNR at the receiver are as below:

	
	LEO600km Set 1-1 FR2 (i.e., Ka-band)
	LEO600km Set 1-2 FR2 (i.e., Ka-band)

	Satellite EIRP density /beam (dBW/MHz)
	34
	26

	CNR (dB) 
when elevation angle = 30deg,  steering loss = 4dB
Polarization loss =3dB
	13.6
	5.6

	CNR (dB) 
when elevation angle = 30deg,  steering loss = 4dB
Polarization loss =0dB
	16.6
	8.6



For the proposed Ka-band parameter sets and for VSAT UEs, link budget is adequate for all downlink channels/signals. The link is fit for high data rate transmission.


	R1-2402772
	NEC
	Observation 1: Adjusting the number of active transmit antennae could provide flexible physical beam patterns/size (i.e. wide or narrow) across the satellite footprint. 

Observation 2: To support the flexible beam patterns/size (i.e. wide or narrow) across the satellite footprint study, satellite payload parameters that reflect the practical total power constraint issues should be updated as the simulation assumption.

Proposal 1: Support using phased array antenna to providing flexible physica beam patterns/size (i.e. wide or narrow) across the satellite footprint.

Proposal 2: Support update the system-level simulation assumption to reflect the practical total transmit power constraint issue for NR-NTN downlink coverage enhancement. 

Proposal 3: Support cell DTX in Rel-18 network energy-saving to be the study baseline of NR-NTN downlink coverage enhancement.


	R1-2402811
	LG Electronics
	Based on the above discussion, our observations and proposals are given as follows:
Table 1: Required active beam ratio to support only SSB transmissions over all the beam footprints within a satellite footprint for (15kH, 15kHz) SCSs for SSB and data.
	# of SSB within a periodicity
	4
	4
	4
	1

	# of beam footprints in a cell
	1
	2
	4
	1

	Active beam ratio for SSB only
	10%
	5%
	2.5%
	1.43%


Table 2: Required active beam ratio to support SSB transmissions over all the beam footprints within a satellite footprint for (30kH, 15kHz) SCSs for SSB and data.
	# of SSB within a periodicity
	4
	4
	4
	1

	# of beam footprints in a cell
	1
	2
	4
	1

	Active beam ratio for SSB only
	5%
	2.5%
	1.25%
	0.71%


Table 3: Required active beam ratio to support only SSB transmissions for wide beam footprint.
	# of SSB within a periodicity
	1
	1

	# of beam footprints in a cell
	2
	4

	Active beam ratio for SSB only
	0.76%
	0.38%


Table 4: Required active beam ratio to support only SSB/common channels transmissions over all the beam footprints within a satellite footprint for (120kH, 120kHz) SCSs for SSB and data.
	# of SSB within a periodicity
	16
	16
	16
	16
	16
	1

	# of beam footprints in a cell
	1
	2
	4
	8
	16
	1

	# of SSB per beam footprint
	16
	8
	4
	2
	1
	1

	Active beam ratio for SSB/common channels only
	5%
	2.5%
	1.25%
	0.625%
	0.3125%
	0.3125%



Observation 1: The required simultaneously active beam ratio only for SSB with 15kHz SCS is at least 1.43% when the number of SSBs within 20msec periodicity is 1. For other DL transmission including common channels, the active beam ratio of 1.5% in Set 1-2 is not feasible. 
Observation 2: The required simultaneously active beam ratio only for SSB with 30kHz SCS is at least 0.71% when the number of SSBs within 20msec periodicity is 1. For other DL transmission including common channels, the active beam ratio of 1.5% in Set 1-2 could be feasible. However, it would be necessary to increase BW to be more than 5MHz since the BW of the SSB with 30kHz SCS occupies 7.2MHz. 
Observation 3: For more accurate CNR analysis to compare with the required SNR of DL channels/signals, the payload DL TX power per satellite beam and the antenna gain with respect to the azimuth angle associated with the UE position needs to be used to compute more accurate EIRP. 
Observation 4: Due to the limited beam width of the antenna gain pattern, even for the beam footprint with 50km diameter at the nadir, the edge area of the beam footprint would be out of the SSB coverage. To cover these edge areas, even in FR1, each beam footprint may need to support at least two SSB with different TX beams. 
Observation 5: When the wide beam footprint is supported with multiple active component beam footprints with the reduced TX power, the satellite still needs to support the case where a large number of beam footprints are simultaneously active. This approach may not be suitable for Set 1-2. 
Observation 6: When the wide beam footprint is supported with a single active component beam footprint due to the RF limit, the active beam ratio for SSB transmission only could be 0.38%. However, the SSB detection would not be guaranteed in the large portion of the wide beam footprint due to the limited beam width of the antenna gain main lobe. 
Observation 7: When the wide beam footprint is supported with a single active component beam footprint due to the RF limit, if the phased array antenna is used at the serving satellite, the SSB detection could be guaranteed. For the normal beam footprint with 50km diameter, the amplitude and the phase of each antenna elements need to be adjusted to minimize inter-cell or inter-beam footprint interference. 
Observation 8: Even though the steering loss of 4dB is considered for the phased array antenna, the SSB detection performance would be guaranteed at the elevation angle of 30-degree and 10-degree for Set 1-1 and Set 1-2. 
Observation 9: Even though the steering loss of 4dB is considered for the phased array antenna, the SSB detection performance would be guaranteed at the elevation angle of 30-degree for Set 1-3 while the SSB detection performance may not be guaranteed at the elevation angle of 10-degree. 
Observation 10: When the steering loss of 4dB is considered for the phased array antenna, other DL channels especially with high data rate at the elevation angle of 10-degree needs to be enhanced. 
Observation 11: The required simultaneously active beam ratio for SSB only is at least 1.25% for SSB with 120kHz SCS when the number of SSBs per beam footprint within 20msec periodicity is 4. For other DL transmission including common channels, the active beam ratio of 1.5% in Set 1-2 may not be sufficient. 
Observation 12: The required simultaneously active beam ratio for SSB only is at least 0.625% (or 0.3125%) for SSB with 120kHz SCS when the number of SSBs per beam footprint within 20msec periodicity is 2 (or 1, respectively). Even for other DL transmission including common channels, the active beam ratio of 1.5% in Set 1-2 would be sufficient. 
Observation 13: Due to the limited beam width of the antenna gain pattern, even for the beam footprint with 20km diameter at the nadir, the edge area of the beam footprint would be out of the SSB coverage. To cover these edge areas, each beam footprint may need to support at least two SSBs with different TX beams. 
Observation 14: For PDSCH transmissions scheduled by non-fallback DCI, the existing PDSCH repetition schemes such as DL slot aggregation and repetition would be sufficient for NR FR1-NTN. 
Observation 15: For PDSCH transmissions scheduled by non-fallback DCI, to reduce the total active time for a given beam footprint, the existing scaling factor for TBS determination can be used even for SIBs. Moreover, the reserved state of the DCI indication could be replaced with 1/8. 
Observation 16: 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 17: 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 18: 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 could violate the active beam ratio of the serving satellite. 
Observation 19: 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 20: 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: Support wide beam footprint with a single active component beam footprint at least for Set 1-2. 
· Phased array antenna is a baseline.
· FFS: Whether or how to support parabolic antenna.
· A single wide beam footprint consists of at least 4 component beam footprints with 50km diameter. 
· A wide beam footprint is used to transmit at least SSB and common channel(s).
· Component beam footprints are used to transmit the user DL traffic by using UE-specific scrambling ID.
Proposal 2: For DL coverage study at system level, consider the following additional reference satellite payload parameters for LEO600km in FR2 (i.e., Ka-band):
· Beam size: 20km
· Satellite EIRP density /beam (dBW/MHz): 4
· Payload Total DL power level (dBW): 2.3
· Aggregated EIRP (Total) (dBW): 40.8
· Satellite Tx max Gain: 38.5
· EIRP per Satellite beam (dBW): 30
Proposal 3: For link-level enhancement in Rel-19 NR NTN, RAN1 carefully investigates followings:
· PDSCH repetition for PDSCH transmissions scheduled by fallback DCI 
· How to indicate PDSCH repetition number 
· Scaling factor indicated by DCI for TBS determination for PDSCH
· Whether or how to apply it to SIB transmissions
· Whether or how to support the lower value (e.g., 1/8) 
· Search space linkage for PDCCH carrying DCI format for SIB1. 
Proposal 4: 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.
· FFS: 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 (e.g., SIB19) 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. 


	R1-2402902
	Apple
	Observation 1: For LEO-600 set-1 satellite parameters, the CNR for reference satellite parameters set 1-1 and set 1-2 are -1.90 dB and the CNR for reference satellite parameters set 1-3 is -9.90 dB.

Observation 2: At 2% BLER, the required SNR for PDSCH with VoIP is -12.7 dB with 7 PRBs for 8 repetitions.

Observation 3: At 10% BLER, the required SNR for PDSCH with 3 kbps is -10.4 dB with 1 PRB and 120/1024 coding rate with 8 repetitions.

Observation 4: At 10% BLER, the required SNR for PDSCH with 1 Mbps is -4.9 dB with 25 PRBs and 193/1024 coding rate without repetition.

Observation 5: At 10% BLER, the required SNR for Msg2 PDSCH is -6.1, -8.8 and -11.2 dB, with 3, 6 and 12 PRBs, 3 DMRS symbols and 120/1024 coding rate with scaling factor of 1, ½ and ¼, respectively.

Observation 6: At 10% BLER, the required SNR for Msg4 PDSCH is -4.8 dB, -7.4 dB and -10.0 dB with 23 PRBs and 193/1024 coding rate with repetitions of 1, 2 and 4, respectively.

Observation 7: The payload size of SIB1 could be more than 1000 bits and there is no repetition on PDSCH carrying SIB1. The payload size of SIB19 could be more than 600 bits and there is no repetition on PDSCH carrying SIB19. 

Observation 8: With 5 MHz maximum bandwidth per beam, the largest supported aggregation level for PDCCH is 8.

Observation 9: PDSCH with 1 Mbps, PDSCH Msg2 (scaling factor of 1 or ½), PDSCH Msg4 and PDCCH have the following coverage gaps for LEO-600 set 1-3 parameters:
· PDSCH with 1 Mbps: 5.0 dB
· PDSCH Msg2 with scaling factor of 1: 3.8 dB
· PDSCH Msg2 with scaling factor of ½: 1.1 dB
· PDSCH Msg4 and PDSCH carrying SIB1: 5.1 dB
· PDCCH: 2.0 dB

Proposal 1: At least the coverage of PDCCH, PDSCH with Msg 4, and PDSCH with SIB1 need to be enhanced.
· Further evaluate whether the coverage of PDSCH with SIB19 and PDSCH with Msg2 needs to be enhanced.

Proposal 2: To enhance the coverage of PDSCH Msg 2, consider introducing PDSCH Msg 2 repetition or introducing a smaller TB scaling factor value (e.g., 1/8).

Proposal 3: To enhance the coverage of PDSCH Msg 4 and PDSCH carrying SIB1, consider introducing PDSCH repetition, with the maximum number of repetition being at least 4.

Proposal 4: To enhance the coverage of PDSCH, the schemes (e.g., TB over multiple slots, DMRS bundling, etc.) used to enhance PUSCH performance should be examined for PDSCH. 

Proposal 5: To enhance the coverage of PDCCH, consider the following solutions:
· Increase CORESET symbol number and aggregation level 
· Enhance PDCCH repetition (e.g., for PDCCH scheduling system information)
· Reduce DCI size (e.g., 2-stage DCI) 

Observation 10: In LEO-600 set 1-1 and set 1-3 in FR1 with N1=N2=0 and N3=1058, the coverage ratio is 100%, with dwell time = 2 ms, revisit time = 20 ms and the periodicity of SSB and SIB1 = 20 ms. 

Observation 11: In LEO-600 set 1-1 and set 1-3 in FR1 with N1=0, N2=846 and N3=212, the coverage ratio is 100%, with dwell time = 6 ms (on N3 beam footprints), revisit time = 20 ms and periodicity of SSB and SIB1 = 20 ms.

Observation 12: In LEO-600 set 1-2 in FR1 with N1=N2=0 and N3=1058, the coverage ratio is 100%, with dwell time = 2.4 ms, revisit time = 160 ms and periodicity of SSB and SIB1 = 160 ms. 

Observation 13: In LEO-600 set 1-2 in FR1 with N1=0, N2=846 and N3=212, the coverage ratio is 100%, with dwell time= 8.4 ms (on N3 beam footprints), revisit time =160 ms and periodicity of SSB and SIB1 = 160 ms.

Observation 14: Increasing the default SSB periodicity significantly increases UE implementation complexity and leads to backward incompatibility issue.

Proposal 6: RAN1 to deprioritize the increase of default SSB periodicity in NR. 

Observation 15: In LEO-600 set 1-2 in FR1 with N1=N3=0 and N2= 320, the coverage ratio is 30%, with dwell time = 1 ms (on N2 beam footprints), revisit time = 20 ms and periodicity of SSB and SIB1 = 20 ms.

Proposal 7: RAN1 considers the system level downlink coverage enhancement, using Release 18 network energy saving techniques (e.g., cell DTX/DRX, etc.) with modifications to fit NR NTN (e.g., beam-based operations).



	R1-2402916
	Sharp
	Proposal 1: Link level results can be used to determine the naximum number of simultanouse transmitted beams for each channel type. 
Proposal 2: Beam groups should be defined based on the determined maximim number of simultaneouse beams for SSBs and PBCHs, etc.
Proposal 3: An SSB index may be configured/assocaitated with a beam group/pattern, which may be transparent to NTN UEs.
Proposal 4: For RACH procedure, methods of beam determination/reduction should be considered within a beam group to reduce the number of simultaneous beams for PDSCH Msg2, and Msg 4.
Proposal 5: Beam group/patterns can be defined for efficient gNB scheduling. A distributed beam pattern can reduce the interference among simultaneous transmitted beams.
Proposal 6: Active simultaneous transmitting beams can be limited within a beam group at any given time. DL monitoring pattern can be introduced to minimize the UE monitoring periods.


	R1-2402934
	MediaTek
	Link-level enhancements:
Observation 1: For set 1-1 and set 1-2, there is no issue for coverage of the DL physical channels, as the minimum SNR is around -1.9 dB. 

Observation 2: For set 1-3, with a low value of minimum SNR of -9.9 dB some DL coverage enhancements may be needed for some DL physical channels – i.e.  PDCCH and Msg4 PDSCH.

SSB periodicity:
 
Observation 3: The synchronization raster and the subcarrier spacing of the synchronization block is defined separately for each band.

Observation 4: Using cell-defining SSB (CD-SSB) with periodicities larger than  20 ms has impact on latency and power consumption.
 
Observation 5: With larger periodicity of SSB of 160 ms and 4 SSB repetitions, UE will need blindly to attempt DL synchronization for each SSB raster and SCS in the satellite band for a duration of time up to 32 seconds, while the satellite may be visible for 2 to 4 minutes assuming GNSO orbit.

Proposal 1: For initial DL synchronization when satellite comes into coverage, the cell-defining SSB (CD-SSB) with periodicities up to 20 ms and single shot CD-SSB detection is used.

Proposal 2: After DL synchronization time and frequency is performed with single shot detection at the UE, larger periodicities with non-cell-defining SSB (NCD-SSB) of up to 160 ms with SSB offset 5 ms, 10 ms, 20 ms, 40 ms, and 80 ms can be considered.

Common channels for ON/OFF beams 
Proposal 3: RAN1 to study potential impact of beams ON/OFF on procedures for DL synchronization, acquisition of system information for configuration of beams, and initial cell access via RACH procedure.
Proposal 4: RAN1 to study potential impact of beams ON/OFF on paging procedures.

Proposal 5: Wide beam should be ON to at least transmit CD-SSB and SIB1, and CORESET 0. Otherwise, there is no coverage on these wider beams, and no coverage on narrow beams within the wide beam.
Proposal 6: After initial DL synchronization and system information acquisition, initial cell access can be done on the wide beam re-using legacy specifications, or on narrow beams with NCD-SSBs.


	R1-2403029
	ETRI
	Observation 1: When a phased array antenna generates multiple simultaneously active beams, the transmit antenna gain of each beam can vary depending on how the phased array antenna generates each beam.
Observation 2: The results for both system-level and link-level evaluations can be significantly influenced by the transmit antenna gain for each beam.
Observation 3: Increasing the time period of common signals may be necessary.
Proposal 1: RAN1 to clarify how to determine the transmit antenna gain of each active beam for DL CE evaluations.
· Discussions on how to determine the transmit antenna gain is required. 
· Or, the assumptions used for DL CE evaluations should be reported.   

Proposal 2: RAN1 to study whether the longer time period for common signals is necessary.


	R1-2403412


	CEWiT
	Observation 1: The CNR values for Set 1-1 and Set 1-2 parameters is -1.9dB and for set 1-3 parameters is -9.9dB.

Observation 2: The simulation results yield a required SNR value of -5.38dB for 1% target BLER of PDCCH with 8 CCE aggregations.

Observation 3: For PDCCH with AL 8 has a coverage gap of -4.52dB for the set 1-3 parameters with LEO 600 satellites. 

Proposal 1: PDCCH with 8 CCE aggregations can provide sufficient link margin for set 1-1 and set 1-2 parameters. Hence, it is not necessary to do coverage enhancement for LEO 600 with set 1-1 and set 1-2 parameters.

Proposal 2: Coverage improvement is needed for set 1-3 for LEO 600 due to a coverage gap of -4.52 dB observed in PDCCH with 8 CCE aggregations.

Proposal 3: In the NTN DL coverage enhancement, link level improvement should be consider considering reduced EIRP per beam for practical deployment case. Link level enhancement should target 5 dB improvement at least for the PDCCH channel.  

Proposal 4: The maximum number of repetitions for PDCCH can be extended beyond two for NR NTN DL coverage enhancements. 

Proposal 5: The higher aggregation level can be supported, such as 32 and 64, to improve the link margin of PDCCH for DL coverage enhancement of NR NTN. 

Observation 4: Supporting dynamic aggregation levels for each PDCCH repetition can yield diversity gain which leads to DL coverage enhancements in NR NTN. 

Proposal 6: For PDCCH, dynamic aggregation level per repetition can be configured to improve the DL coverage of NR NTN. 

Proposal 7: Each DCI format can be segmented depends on the size of the DCI to provide better coverage for NR NTN

Proposal 8: Study the effect of choosing the number of repetitions, aggregation level and number of segmentations based on the elevation angle, for PDCCH, to improve both coverage and spectral efficiency of NR NTN. 

Proposal 9: Study the adoption of number of DMRS based on the elevation angle to improve the spectral efficiency in NR NTN. 

Proposal 10: The maximum number of repetitions can be increased to 16 or 32 to improve the coverage of NR NTN. 	


	R1-2403080
	Nokia, Nokia Shanghai Bell
	Observation 1: The different subsets leads to significant differences in user experienced throughput.
Observation 2: Areas covered by N1 cells without being covered by other cells will be considered without coverage.
Observation 3: From the link-budget analysis, as was expected, Set1-3 FR1 leads to a smaller CNR value.  
Observation 4: SSB is out of scope for the DL coverage enhancements, but should establish the baseline for evaluation of channels in potential need for DL coverage enhancements.
Observation 5: The channels that may need DL coverage enhancements are PDCCH AL8, PDSCH carrying SIB1 and PDSCH carrying Msg4.

Proposal 1: RAN1 to prioritize FR1 in the downlink coverage enhancements studies for Rel-19.
Proposal 2: RAN1 to discuss what is the maximum amount of area which can be out of coverage.
Proposal 3: RAN1 to adopt the above state diagram for studying the state changes and evaluate different solutions for evaluating coverage.
Proposal 4: RAN1 to study the mechanisms to inform UEs that a cell is to be switched off and coming back (cell state switches).
Proposal 5: RAN1 to focus on PDSCH carrying SIB1 for DL coverage enhancements.
Proposal 6: RAN1 to focus on PDSCH carrying Msg4 for DL coverage enhancements.
Proposal 7: RAN1 to evaluate different approaches for improving DL coverage for PDSCH for initial access.
Proposal 8: RAN 1 to focus on PDCCH for common channels (PDCCH Type 0/1) for DL coverage enhancements.


	R1-2403139
	NICT
	Observation 1:
Performance improvement can be expected by DL reception by multiple UEs.
Observation 2:
There would be a big variance in traffic demand depending on the geographical or social situation of the area that the satellite beams cover.
Proposal 1:
DL reception by multiple UEs is to be considered as one of the DL coverage enhancement solutions.
Proposal 2:
Uneven UE density and traffic demand across the satellite footprint must be considered in system simulation in order to develop specifications which enable more effective and efficient beam management operation.


	R1-2403211
	Qualcomm Incorporated
	Observation 1: In NR NTN, UE reception of SIBs before the acquisition of satellite ephemeris (SIB19) may suffer larger timing and frequency offsets than in TN. The issue becomes more severe if SSB transmission periodicity is increased.
Observation 2: To support Set1-3, coverage enhancement is needed at least for the following channels:
· PDCCH
· PDSCH carrying SIBs  

Observation 3: At 1% BLER, removing the reserved bits for the PDCCH with CRC scrambled by SI-RNTI can improved the performance by about 1.3 dB for NR NTN TDL-C.

Observation 4: Rel-18 cell DTX does not allow flexible adaptation of cell DTX patterns. 

Proposal 1: Consider coverage enhancements for PDSCH schedule by a PDCCH in a CSS.
· At least for PDSCH scheduled by PDCCH format 1_0 with CRC scrambled by SI-RNTI.

Proposal 2: Consider coverage enhancement for PDCCH.

Proposal 3: Consider coverage enhancement for the PDCCH that schedules a SIB1 PDSCH without NW signaling.

Proposal 4: Support the configuration of more than one cell DTX patterns to a UE.

Proposal 5: Support dynamic group-common signaling for the change of  cell DTX patterns. 


	R1-2403258
	NTT DOCOMO, INC.
	Proposal 1:
· For each physical channel/signal, required SNR evaluated by LLS is compared to the required SNR for SSB as well as CNR.
Observation 1:
· The required SNR for SSB = -10.1 dB.
Observation 2:
· No enhancement is necessary for PDSCH for 3 kbps.
· Although performance of PDSCH for 1 Mbps is insufficient compared to at least the required SNR of SSB (and CNR for Set 1-2 if considered), it seems to be better to deprioritize consideration of PDSCH for 1 Mbps in R19 NTN.
Observation 3:
· BLER performance of PDSCH Msg2 is 4.7 dB worse than that of SSB.
· BLER performance of PDSCH Msg4 is 6.2 dB worse than that of SSB.
Proposal 2:
· R19 NTN DL coverage enhancement introduces link level enhancements for PDSCH Msg2 and PDSCH Msg4.
Observation 4:
· BLER performance of PDSCH SIB1 is 7.3 dB worse than that of SSB.
· BLER performance of PDSCH paging is 3.7 dB worse than that of SSB.
Proposal 3:
· R19 NTN DL coverage enhancement introduces link level enhancements for PDSCH SIB1 and PDSCH paging.
Observation 5:
· BLER performance of PDCCH / Broadcast PDCCH is 5.0 dB worse than that of SSB.
Proposal 4:
· R19 NTN DL coverage enhancement introduces link level enhancements for PDCCH and Broadcast PDCCH.
Observation 6:
· What should be simulated/enhanced for dynamic and flexible power sharing is unclear.
· Satellite/NW implementation can achieve “power sharing among satellite beams or different satellite beam patterns/size across the satellite footprint” in a practical EIRP, with R18 NES techniques if necessary.
Proposal 5 (for conclusion):
· From RAN1 perspective, no system-level simulation/enhancement is necessary.
Proposal 6:
· For discussion on NTN DL coverage enhancement, prioritize Set 1-1 FR1.


	R1-2403283
	Panasonic
	Observation 1: We confirm that Beam hopping can significantly improve the SINR due to the sparse active beams although the transmission opportunity is reduced.  

Observation 2: According to our link level simulation, the following observations are made. 
· For set 1-1 and set 1-2 (Target CNR is -1.9dB) 
· All evaluated channels satisfy the target without repetitions. 
· For set 1-3 (Target CNR is -9.9dB) 
· 8 repetitions are necessary for PDSCH VoIP and PDSCH Msg4. 
· PDCCH with 24PRB and AL8 (because of 5MHz bandwidth) can not meet the target. 

Proposal 1: Study the feasibility of active satellite beam switching. This includes semi-static switching and dynamic switching, e.g., every slot. 

Proposal 2: RAN1 should explore the connection between beam-hopping patterns and Cell DTX/DRX patterns.

Proposal 3: RAN1 to explore the impact of DTX/DRX per SSB beam and related UE IDLE/INACTIVE mode UE behavior.

Proposal 4: RAN1 may explore the need of on-demand beam-hopping interaction with R19 NES work item.

Proposal 5: Although three satellite parameter sets are defined for the evaluation, parameter sets to be supported in Rel.19 should be carefully discussed.  


	R1-2403403
	ESA
	Proposal 1: The horizontal/vertical 3 dB beam width of each single radiating element of the satellite antenna should be 126 degrees.

Observation 1: The current set-up with the element spacing of d=0.667 and 400 elements is very sub-optimal for the satellite phased-array antenna.

Observation 2: The element spacing of d≤0.5583 is needed for ensuring grating lobes outside the operational field of view.

Proposal 2: The number of satellite antenna elements shall be 676 (26 × 26 elements) and assuming the element spacing d=0.5.

Proposal 3: The steering loss at 30° user elevation angle shall be 2.5 dB.




Appendix II
RAN1#116 made the following agreements:
Agreement
For DL coverage study, consider the following additional reference satellite parameters scenarios for LEO600km Set1 in FR1 (i.e., S-band), referred to as Set1-1 FR1, Set1-2 FR1 and Set1-3 FR1:

	 LEO600km Set1-1 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz

	SCS
	15 kHz

	Beam size(Note 1)
	50km

	Satellite EIRP density /beam (dBW/MHz)
	34

	Payload Total DL power level (dBW)
	31.24

	Aggregated EIRP (Total) (dBW)
	61.24*

	Satellite Tx max Gain
	30 dBi

	Maximum EIRP per Satellite beam (dBW)
	41

	Total number of beam footprints***
	1058

	Total number of simultaneously active beams **
	106

	% simultaneously active beams**
	10.02 %

	*Note: EIRP limit is 61.24 dBm for the reference configuration. 
**Assuming 100 % Resource Block utilization within the same beam at max power. Absolute number of simultaneously active beams is up to 212 (due to limitation of RF) 
*** For a constellation design at 600km with low elevation angle with 30° and selected (i.e Set 1 parameters) beam size
Note 1: At least this beam size is considered in this scenario, larger beam sizes maybe evaluated and reported by companies




	LEO600km Set1-2 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz

	SCS
	15 kHz

	Beam size (note 1)
	50km

	Satellite EIRP density /beam (dBW/MHz)
	34

	Payload Total DL power level (dBW)
	23

	Aggregated EIRP (Total) (dBW)
	53*

	Satellite Tx max Gain
	30 dBi

	Maximum EIRP per Satellite beam (dBW)
	41

	Total number of beam footprints
	1058

	Total number of simultaneously active beams**
	16

	% simultaneously active beams**
	1.5 %

	*Note: EIRP limit is 53 dBm for the reference configuration. 
**Absolute number of simultaneously active beams is up to 16 (due to limitation of RF)
Note 1: At least this beam size is considered in this scenario, larger beam sizes maybe evaluated and reported by companies




	LEO600km Set 1-3 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz

	SCS
	15 kHz

	Beam size (note 1)
	50km

	Satellite EIRP density /beam (dBW/MHz)
	26

	Payload Total DL power level (dBW)
	23.24

	Aggregated EIRP (Total) (dBW)
	53.24*

	Satellite Tx max Gain
	30 dBi

	Maximum EIRP per Satellite beam (dBW)
	33

	Total number of beam footprints
	1058

	Total number of simultaneously active beams**
	106

	% simultaneously active beams**
	10.02 %

	*Note: EIRP limit is 53.24 dBm for the reference configuration. 
**Absolute number of simultaneously active beams is up to 212 (due to limitation of RF)
Note 1: At least this beam size is considered in this scenario, larger beam sizes maybe evaluated and reported by companies



Note: RAN1 will aim to identify necessary enhancements for these scenarios in the study phase. At the end of the study phase, RAN1 will further discuss whether the potential enhancements will be specified within Rel-19 framework.

Agreement
For DL coverage study at system level, consider the following additional reference satellite payload parameters for LEO600km in FR2 (i.e., Ka-band):

	LEO600km Set1-1 FR2 (i.e., Ka-band)

	Maximum Bandwidth per beam
	400 MHz

	SCS
	120 kHz

	Beam size
	TBD in next meeting

	Satellite EIRP density /beam (dBW/MHz)
	

	Payload Total DL power level (dBW)
	

	Aggregated EIRP (Total) (dBW)
	

	Satellite Tx max Gain
	

	EIRP per Satellite beam (dBW)
	

	Total number of beam footprints
	800 (note 1)

	Total number of simultaneously active beams
	12

	% simultaneously active beams
	1.5 %

	Note 1: A typical deployment scenario in FR2 should consider 800 satellites beams per a single satellite coverage area with an absolute number of simultaneously active beams equal to 16 (due to limitation of RF)





Agreement
Adopt the following phased array antenna parameters for LEO 600km in FR1:
	Satellite phased array antenna Characteristics
	LEO-600

	Orbit
	LEO-600km

	Frequency range/band
	FR1/S-Band

	Antenna element pattern
	Table7.3-1 in TR 38.901

	Horizontal/vertical 3 dB beam width of single element (degree)
	[65] for H
[65] for V

	Antenna polarization
	Circular (RHCP or LHCP)

	Number of antenna elements 
	[400 elements (20 x 20)]

	Equivalent satellite antenna aperture
	2m

	Element maximum gain
	4 dBi

	Antenna maximum gain
	30 dBi

	Steering loss at 30° elevation angle 
	[4dB]



Agreement
RAN1 to consider the following performance metrics for DL Coverage enhancement evaluation at system level:
At least:
· CDF of the received SINR
· The dwell time and revisit time interval for each beam illumination across the coverage
· Periodicity of common control channels (e.g. SSB, CORESET0/SIB1, SIB19) and corresponding coverage ratio

Other metrics may be reported such as
· CDF of the cell throughput
· CDF of user perceived throughput (UPT)
· CDF of Latency
· Ratio of mean served cell throughput and offered cell throughput, denoted by 𝜌 (refer to TR36.889)

For system level study based on analytical evaluation:
· N1 beam footprints are in state “off”
· These beam footprints are not served by any signal (no satellite service in this area)
· N2 beam footprints are in state “common messages only”
· These beam footprints do not have any active user traffic, and are served the necessary information for cell discovery and initial access.
· Optionally, companies may consider user arrival (e.g. RACH access) in this type of cell, and should describe how this is taken into account in the analytical evaluation
· N3 beam footprints are in state “active traffic” 
· These beam footprints have X active (e.g. VoNR) users each.
· These beam footprints are also served the necessary information for cell discovery and initial access
· N1 + N2 + N3 = “Total number of beam footprints “ 
· N1, N2, N3, X are to be reported by companies.
· Resource utilization obtained under the assumptions above is to be reported by companies.
· Other assumptions made in the evaluation are to be reported by companies, e.g. power sharing scheme, beam hopping scheme, etc.

Agreement
For NR NTN Rel-19 DL coverage evaluation, UE characteristics for handheld terminals in Table 6.1.1.1-3 in TR 38.821 can be reused, with the following:
· -5.5 dBi antenna gain is assumed
· at least 2Rx are considered at the UE
· 4Rx can be optionally considered and reported 
Note: Redcap device is not considered in the scope of DL coverage study


Agreement
The following traffic models are considered for system level evaluation of DL coverage:
· FTP3: as in Table 6.1.1.1-7 of TR 38.821: 0.5MB as packet size, 200ms as mean inter-arrival time 
· FTP3 IM: 0.1MB as packet size, 2s as mean inter-arrival time 
· VoIP can be considered in the evaluation. 

It is up to company report which traffic model is used among the discussed traffic models in their evaluations.
· Other models may be used as well, and parameter (e.g. packet size and arrival rate) adjustment can be optionally considered and reported.

	Traffic type
	FTP
	IM
	VoIP

	Model
	FTP model 3
	FTP model 3
	As defined in Rel-18 NTN CE.


	Packet size
	0.5 Mbytes
	0.1 Mbytes
	

	Mean inter-arrival time
	200 ms
	2 sec
	



Agreement
For NR NTN Rel-19 DL coverage evaluation, Beam layout defined in Table 6.1.1.1-4 in TR 38.821 can be reused.
· Using other beam layouts is not precluded, and should be reported by companies


Agreement
For NR NTN Rel-19 DL coverage evaluation, a value of beam steering latency equal to 0 at least if phase array antenna is assumed.
Values different from 0 can be optionally reported

Agreement
DL coverage is evaluated at link level with the following considerations:
· NGSO at LEO-600 operating in FR1 is considered in priority
· Additional satellite payload parameters defined for system level evaluation are used
· FFS: Antenna gain reduction due to steering loss can be considered 

Agreement
For the evaluation of NTN downlink coverage at link level, reuse the target data rate from Rel-18 NTN Coverage enhancements:
· For VoIP: AMR 4.75 kbps (TBS of 184 bits without CRC in physical layer) with 20 ms data arriving interval 
· For data rate service: both 3 kbps and 1Mbps can be considered
· Companies can also use the data rates corresponding to the traffic types used for system level evaluations

Agreement
For link-level study, downlink coverage performance in NR NTN is evaluated according to the following steps.
Step 1: CNR is calculated as defined in 6.1.3.1 of TR 38.821
Step 2: Required SNR of target service is evaluated by LLS
Step 3: The CNR and the required SNR are compared

Agreement
For link-level study, for NR NTN DL coverage enhancement, the following channels/signals can be considered for evaluations:
· PDSCH for VoIP
· PDSCH for low data rate service
· PDSCH Msg.2
· PDSCH Msg.4
· PDSCH carry SIB, e.g., SIB1, SIB 19
· PDSCH for paging
· PDCCH
· Broadcast PDCCH (e.g. PDCCH of Msg.2, paging)
· SSB
Note: RAN1 will aim to identify necessary link-level enhancements for these channels in the study phase. At the end of the study phase, RAN1 will further discuss whether the potential link-level enhancements will be specified within Rel-19 framework.

Agreement
For DL coverage performance evaluation, the following are assumed for all channels/signals
· Channel model/Delay spread:
· Channel model as in Table 6.1.2-4 of TR38.821, NTN-TDL-C (LOS)
· Evaluation scenario:
· Rural (LOS)
· Channel estimation: Realistic estimation:
· Companies are encouraged to report channel estimation method.
· SCS:
· 15 kHz only
· UE speed: 3 km/h
· Frequency drift: TBD
· Frequency offset: 0.1 ppm


Agreement
For link budget calculation, parameters in the following table are assumed:

	Parameters
	

	Carrier frequency
	2 GHz for DL (S-band)

	Satellite altitude
	600 km

	Target elevation angle
	30° (LEO)

	Atmospheric loss
	Equation (6.6-8) in [38.811]

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in [38.811]
Ionospheric loss: = 2.2 dB
Tropospheric loss: Table 6.6.6.2.1-1 of [38.811]

	Additional loss
	0 dB 

	Clear sky conditions
	Yes

	Satellite antenna polarization
	Circular polarization

	Terminal type
	[S band: (M, N, P) = (1,1,2)]

	UE antenna gain
	-5.5dBi

	Free space path loss
	Equation (6.6-2) in [38.811]

	Polarization loss
	3dB

	Outcome
	CNR
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