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1. Introduction
In RAN1#116 meeting [1], the followings are agreed for Rel-19 NR NTN DL coverage enhancement:
	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):

	[bookmark: _Hlk162957158]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





In this contribution, we discuss both system-level and link-level mechanism for DL coverage enhancement of NR NTN operation. First of all, we check the feasibility of the active beam ratio of 1.5% for Set 1-2 of FR1 scenario and FR2-Set in the perspective of transmissions of SSB and common signals. Next, we provide CNR analysis with more accurate antenna gain based on the beam gain pattern of the parabolic antenna and phased array antenna. 

2. Discussion
2.1. Numerical analysis
2.1.1. FR1 scenarios
In RAN1#116 meeting, three additional reference satellite parameters scenarios for LEO600km in FR1 are agreed for DL coverage study. To check the feasibility of each scenario, it would be necessary to check whether the simultaneously active beam ratio is sufficient for SSB and common channel (e.g., SIB1 and/or SIB19) transmissions. Meanwhile, according to TS38.213, only the SSB and CORESET multiplexing pattern 1 is supported. In other words, the Type0-CSS shall be TDMed with the corresponding SSB. In this case, for the proper cell operation, for a given SSB occasion, the cell needs to be activated in another time occasion for common channel transmission corresponding to the SSB in FR1. In this contribution, for simplicity, 20msec is assumed for SSB periodicity for a cell. Table 1 shows the active beam ratio required for SSB transmissions only without any dropping. 
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%



According to Table 1, if the number of SSB occasions within 20msec periodicity is 1, then it would be possible that all the beam footprints transmit SSBs in TDM manner without any dropping. However, considering that the Type0-CSS shall be TDMed with the corresponding SSB, the active beam ratio of 1.43% will be further increased to support common channel transmission and user DL traffic transmission. In this case, Set 1-2 may not be feasible due to the too limited active beam ratio. For instance, to achieve 1.5% of active beam ratio, for a given beam footprint or cell, the duty cycle (i.e., the portion of the total active time over the periodicity) also needs to be 1.5%. When the periodicity of SIB is 160msec, to meet the duty cycle, 33 symbols can be used every 160 msec. Since the SSB already occupies 32 symbols within the 160msec, there is no room for common channel transmission. To be specific, for SIB1 transmission, default PDSCH time domain resource allocation A will be used for PDSCH mapping, but there is no 1 symbol duration allocation. So, SIB1 with 160msec periodicity cannot be supported with 1.5% of active beam ratio. 
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. 
To alleviate this problem, it can be considered to use the higher SCS for SSB transmission to reduce SSB overhead in time domain. For instance, if 30kHz SCS is used for SSB while 15kHz SCS is used for other transmission, when the number of SSB within 20msec periodicity is 1, the active beam ratio for SSB transmission only would be 0.71%. In this case, even though we further consider common channel transmissions and other DL transmissions, the active beam ratio of 1.5% in Set 1-2 would be feasible. Table 2 shows the active beam ratio required for SSB transmissions without any dropping. For instance, 16 symbols will be occupied by the SSB transmission within 160msec, so there are 17 symbols remaining for other DL transmissions. If the SIB transmission occupies 14 symbols every 160msec, the data transmission can use the remaining 3 symbols every 160msec. In this case, VoIP would be feasible for Set 1-2, but FTP model 3 may not be feasible. 
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%



On the other hand, when the SSB with 30kHz SCS is considered, the SSB itself would occupy 7.2MHz BW in frequency domain which is higher than 5MHz BW. Moreover, the corresponding CORESET#0 also has more than 5MHz BW. In this case, the BW in the Set1-2 may need to be further increased to support the SSB transmissions with 30kHz SCS. 
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. 
Another approach would employ the concept of the wide beam footprint. For instance, a single wide beam footprint can consist of 4 normal beam footprints. To support the wide beam footprint, two approaches could be considered. First of all, each component beam footprint can reduce the maximum DL transmit power so that the maximum DL transmit power of the wide beam footprint is the same as the that of the normal beam footprint. In this case, the CNR for the normal beam footprint would need to be reduced based on the number of component beam footprints for a single wide beam footprint. For instance, if there are 4 component beam footprints, the CNR for the wide beam footprint would be reduced by 6dB. The four component beam footprints of the wide beam footprint would transmit the same SSB and/or common channel(s) in the same time. 
Alternatively, a single component beam footprint among all the component beam footprint of the wide beam footprint would be active, and then the active component beam footprint covers the coverages of all the component beam footprints. In this approach, the required active beam ratio for SSB transmission only could be reduced into 0.38%. In this case, according to the duty cycle analysis, the data transmission can use the remaining 28 symbols every 160msec. In this case, both VoIP and FTP model 3 would be feasible for Set 1-2.
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%



However, it would be necessary to check whether the antenna beam gain is sufficient or not even though the azimuth angle is further increased to cover the wider area. For this analysis, the parabolic antenna specified in TR38.821 and TR38.811 is used, and its beam pattern is shown in Figure 1. 
[image: ]
Figure 1: Relative antenna gain pattern of the parabolic antenna for S-band. 
As shown in Figure 1, since the antenna beam pattern is not flat with respect to the azimuth angle at the satellite, as the cell coverage increases, the expected antenna gain at the cell edge would be significantly reduced. For the beam footprint at the nadir, the edge of the beam footprint with 50km diameter is corresponding to the azimuth angle of  degree. If the wide beam footprint covers 100km diameter area, the corresponding azimuth angle is increased into  degree. At the azimuth angle of 7.11, the antenna gain will be reduced by -37dB at the edge of the wide beam footprint. 
For the beam footprint at the elevation angle of 30% or 10%, considering the boresight direction is set to the center of the beam footprint, the azimuth angle range to cover the beam footprint with 50km diameter would be [-0.35, 0.35] or [-0.14, 0.14] degree, respectively. For the wide beam footprint with 100km diameter at the elevation angle of 30% or 10%, the azimuth angle range would be [-1.4, 1.4] or [-0.28, 0.28] degree, respectively. In those cases, the sufficient antenna gain would be achieved within the target beam footprint.  
The effect of the reduced antenna gain depending on the UE position needs to be carefully considered for DL coverage analysis. In this contribution, we update the CNR analysis to consider the DL power per satellite beam and the antenna gain derived by the azimuth angle associated with the UE position. To be specific, since each satellite beam will be used to transmit different DL channel(s)/signal(s) in a given time, the DL power per satellite beam is used instead of total aggregated DL power across all the satellite beams to compute the CNR. Moreover, depending on the UE position, the azimuth angle at the satellite would be different, so different antenna gain is used to derive the EIRP value instead of using the maximum antenna gain for all the cases. For the SSB coverage, the required SNR for SSB detection is assumed to be -10dB. In this contribution, we provide the updated CNR results for Set 1-1, Set 1-2, or Set 1-3 in Appendix. For the antenna type, both parabolic antenna and phased array antenna are considered. For the steering loss for the elevation angle of 10-degree, 4 dB is assumed. For the CNR calculation, three types of beam footprints are considered: (1) beam footprint at nadir, (2) beam footprint at the elevation angle of 30-degree, (3) beam footprint at the elevation angle of 10-degree. Table 3-1, Table 3-2, and Table 3-3 shows the updated CNR for the normal beam footprint.
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. 

Based on the CNR analysis, Figure 2 shows the DL coverage of (a) the normal beam footprint, (b) wide beam footprint with reduced TX power of each component beam footprint, and (c) wide beam footprint with a single active component beam footprint. Due to the limited beam width of the main lobe, even for the normal beam footprint, the SSB coverage may not cover all the area of 50km diameter. According to the updated CNR analysis, the SSB coverage would cover the area with 45km diameter.  
When the TX power of component beam footprints is reduced to support the wide beam footprint, the SSB coverage of each component beam footprint would be further reduced, and the reduced coverage may cover the area with 40km diameter. Next, when a single component beam footprint is used to cover the wide area, most area would not support reliable service due to the limited main lobe width. If it is required to cover all the edge areas of the beam footprints, each beam footprint may need to have at least two SSB with different TX beams, and then the active beam ratio of 1.5% may not be feasible. 


Figure 2: Example of DL coverage: (a) Normal beam footprint, (b) wide beam footprint with reduced TX power of each component beam footprint, (c) wide beam footprint with a single active component beam footprint. 
When the wide beam footprint is supported with multiple component beam footprints with the reduced TX power, the RF implementation still need to support the case where a number of satellite beams are simultaneously active. In this point of view, for Set 1-2, this approach may not be suitable. On the other hand, since 212 beam footprints can be simultaneously active with the reduced TX power in Set 1-1 and Set 1-3, this approach would be feasible. 
When the wide beam footprint is supported with a single component beam footprint, the beam pattern needs to be updated based on the target wide beam footprint size. In case of the phased array antenna, it would be possible to have different beam pattern by adjusting the parameters for the phased array antenna such as amplitude, phase of each element. On the other hand, in case of the parabolic antenna, it would be clarified whether or how to change the antenna beam pattern in terms of the beam width of the main lobe and maximum antenna gain. 
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. 

In RAN1#116 meeting, it is agreed to use the phased array antenna for the NTN operation. According to the section 7.3.1 of TR38.901, when the electrical vertical steering angle is set to 90 degree to have the beam direction perpendicular to the array, the combined beam gain is 0 for the azimuth angle of 0 degree if the number of elements is even number by following the formula. In this point of view, in this contribution, 21-by-21 array is assumed with the maximum antenna gain is 30dBi by setting the proper antenna element gain. Figure 3 shows the relative antenna gain pattern of the phased array antenna. 
[image: ]
Figure 3: Relative antenna gain pattern of the phased array antenna for S-band. 
According to Figure 3, the phased array antenna has the wider beam width of the main lobe compared to the parabolic antenna. In our analysis, the SSB coverage could be extended into the area with 98km diameter. In this case, even though the wide beam footprint is supported with a single active component beam footprint due to the RF limit, the SSB detection performance could be guaranteed. On the other hand, when this antenna pattern is used for normal beam footprint, it could cause the high inter-cell or inter-beam footprint interference. To alleviate this problem, for the normal beam footprints, the proper setting of the amplitude and phase of each antenna element would be needed. 
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. 

According to the updated CNR analysis in Appendix, even though the phased array antenna can cause the steering loss of 4 dB, the SSB detection would be guaranteed the elevation angle of 30 degree for all the scenarios, Set 1-1, Set 1-2, and Set 1-3. On the other hand, the SSB detection at the elevation angle of 10 degree would not be guaranteed for Set 1-3. In case of wide beam footprint in Set 1-2, the SSB detection would be guaranteed the elevation angle of 30-degree and 10-degree for Set 1-2 even though the phased array antenna can cause the steering loss of 4 dB. 
On the other hand, in case of other DL channels especially with high data rate, for all the scenarios at the elevation angle of 10-degree, the link-level enhancement would be needed. 
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. 

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.

2.1.2. FR2 scenario
In RAN1#116 meeting, an additional reference satellite parameters scenarios for LEO600km in FR2 is agreed for DL coverage study. Meanwhile, a number of parameters are not yet decided except for the total number of beam footprints, the total number of simultaneously active beams, SCS, and the maximum BW. According to TR38.821, the beam footprint size for Ka-band is smaller than that of S-band. It would be motivated that the antenna beam pattern for Ka-band has the narrower main lobe compared to that of S-band as shown in Figure 4. In this case, the beam footprint size would be 20km diameter. Since the total number of beam footprints in FR2 is already agreed to be 800, the satellite footprint size in FR2 would be smaller compared to the satellite footprint size in FR1. 
[image: ]
Figure 4: Relative antenna gain pattern of the parabolic antenna for Ka-band. 

According to TR38.821, the satellite EIRP density/beam for FR2 is given by 4 dBW/MHz, and the satellite TX max gain is 38.5 dBi. Based on these parameters, it would be possible to fill out the remaining parameters for the additional reference satellite parameters scenario for LEO600km in FR2. 
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

To check the feasibility of each scenario, it would be necessary to check whether the simultaneously active beam ratio is sufficient for SSB and common channel (e.g., SIB1 and/or SIB19) transmissions. According to TS38.213, in case of FR2, FDM between the Type0-PDCCH search space set and the corresponding SSB is supported. In this case, it can be considered that the common channel(s)/signal(s) are transmitted during the SSB occasions to reduce the active beam ratio. In this contribution, for simplicity, 20msec is assumed for SSB periodicity for a cell. Table 4 shows the active beam ratio required for SSB transmissions/common channel(s) without any dropping. 
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%



According to Table 3, if the number of SSB occasions per beam footprint within 20msec periodicity is 4, then it would be possible that all the beam footprints transmit SSBs in TDM manner without any dropping. However, considering that other DL transmissions, the active beam ratio of 1.5% could limit the user DL traffic transmissions. On the other hand, if the number of SSB occasions per beam footprint within 20msec periodicity is 2 or 1, the active beam ratio of 1.5% would be sufficient even for the other DL transmissions. 
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. 
According to the duty cycle analysis, if the required active ratio for SSB + common channels is 0.3125%, the data transmission can use at least 236 symbols every 160msec. Considering that the maximum BW is 400MHz (which is equivalent to 275 PRBs), all the traffic model would be feasible even though the active beam ratio is 1.5%. 
The required number of SSBs per beam footprint could be determined based on the updated CNR analysis. For a given beam footprint, the CNR values are calculated for the case when the UE is at the center of the beam footprint and the case when the UE is at the edge of the beam footprint. 
According to Table B-1, due to the limited antenna gain for the edge UE, the CNR value for the edge UE would not guarantee the SSB detection. To alleviate this problem, the concept of the beam sweeping for SSB transmissions would be needed in a given beam footprint. We also observed that the power boosting would be needed for some DL transmission especially for high data rate for the UE at the elevation angle of 10-degree. Alternatively, it can be considered to have more than 2.3dBW for the total aggregated DL power. 
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. 

2.2. Link-level enhancement for FR1
According to the updated CNR analysis described in Section 2.1.1 and Appendix, the updated CNR value could be roughly -8dB for the UE at the elevation angle of 30-degree in Set 1-3. When we consider the UE at the elevation angle of 10-degree, the updated CNR value would be smaller than -7dB for all the scenarios. In this case, some DL channels needs to be enhanced to have the smaller required SNR. 
Even for the DL common channels, it would be necessary to enhance the relevant DL channels to reduce active time for the common channels transmission especially for Set 1-2. To be specific, if a number of retransmission or repetition is needed for common channels, then the active beam ratio of 1.5% would not be guaranteed, or, gNB cannot transmit common channels due to the limited active beam ratio. 
In case of PDSCH scheduled by the non-fallback DCI format, DL slot aggregation or DL repetition could be used to enhance the DL coverage by increasing time domain resources for a PDSCH transmission. In case of DL slot aggregation, since the maximum number of PDSCH repetition is 8, it can cover 9 dB improvement. 
In case of repetition, the maximum number of PDSCH repetition is 16, and the number of PDSCH repetitions could be dynamically changed based on the TDRA field in the DCI format scheduling PDSCH. In this case, it would be possible that the gNB increases or decreases the repetition number depending on the PDSCH TX BW or the remaining TX power budget of the cell. 
Observation 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. 

On the other hand, for PDSCH scheduled by the fallback DCI format, neither DL slot aggregation nor PDSCH repetition is no longer applied. In this case, the PDSCH carrying SIB1, other SIB, paging message, RAR, MsgB, and/or Msg4 could have the limited coverage or they could occupy more resources for the reliable transmission which results the increase on the active time of a beam footprint. Meanwhile, for PDSCH carrying paging message, RAR, or MsgB, the TB size could be further reduced for a given amount of REs by using the TB scaling factor indicated by the DCI. This kind of code rate reduction could be used to improve PDSCH decoding performance. To reduce the total active time for a given beam footprint, the concept of the scaling factor indicated by the DCI could be applied to SIB as well. Moreover, to lower the coding rate, the reserved state could be replaced with 1/8. 
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. 

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

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

On the other hand, if a single cell is associated with a satellite beam, it would be necessary to avoid the case where a larger number of cells have DL transmissions in the same time. If multiple cells are served by a single gNB, it would be possible to avoid such cases based on the network implementation. However, if multiple cells are served by multiple gNBs (due to the limited feeder link BW for a single gNB), it would be difficult to avoid such cases based on only dynamic scheduling since the scheduling information may not be dynamically shared among different gNBs in general. Alternatively, it would be necessary to coordinate scheduling information of multiple gNBs in semi-static manner. For this purpose, Rel-18 cell DTX operation and/or TDD configuration for FDD operation could be a baseline. If the coordination among multiple gNBs is not feasible due to the distance between them, it can be considered that the satellite relays the relevant information from a gNB to another gNB. 
According to the cell DTX operation specified in Rel-18 NES WI, the gNB may not transmit PDCCH and SPS PDSCH outside the cell DTX Active Period. In other words, it seems open that the gNB transmits PDSCH scheduled by a DCI, CSI-RS, and/or SSB outside the cell DTX Active Period. In this case, even though the cell DTX Active Periods are configured to avoid the time-overlapping among cells as much as possible, it is still possible that a large number of cells are activated for the DL transmissions in the same time. In the perspective of the serving satellite with transparent payload, the satellite may need to skip some DL transmission and/or to reduce TX power for certain cells. This kind of the satellite behavior may not be known at the GW or gNB unless the satellite informs this kind of situation. Meanwhile, if the TX power for some reference signals is time-varying, it would have the impact on the measurement-based procedure such as RRM, RLF, CSI measurement/reporting. For instance, if the TX power of RLM-RS suddenly decreases, the UE could declare radio link failure unnecessarily. In case of beam management, the beam quality could be underestimated or overestimated, so gNB can indicate or configure wrong TCI state for DL transmission. 
Next, when the cell DTX operation activated, it would be necessary to carefully investigate whether the reception of SIB19 will be problematic or not. To be specific, If the SIB19 transmission occasions are not aligned with the cell DTX active period, the gNB may fail to transmit SIB19, and it will result that the UE lose synchronization with the serving 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. 
To alleviate this problem, it can be considered to configure TDD configuration even for the FDD carriers in NR NTN bands. By using the proper TDD configuration, it would be possible to avoid the case when a larger number of cells or satellite beams are activated in the same time even for the full-buffer scenario. Since the FDD carrier still have separate carriers for DL and UL, DL-to-UL interference or UL-to-DL interference would not be a problem. 
Meanwhile, in case of the transparent payload, the satellite may need to transmit both DL transmission to a UE and UL transmission to a GW simultaneously. Considering that the total aggregated EIPR of the satellite is restricted, it would be also necessary to consider the simultaneous DL and UL transmissions. In other words, due to the limited EIRP, the TX power for UL transmission from the satellite would need to be reduced to ensure the DL transmission from the satellite, vice versa. In those point of view, TDD configuration could be helpful to reduce the case when both DL transmission and UL transmission are performed at the serving satellite side. 
Proposal 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. 

Meanwhile, to activate or deactivate a cell or satellite beam efficiently, it can be considered that the gNB checks the request from UE(s). According to Rel-19 NES WID [3], one of the objectives is to study procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode. Another objective is to specify adaptation of common signal/channel transmissions. For this objective, there shall be no negative impact to legacy UEs. In our view, considering the limited TU for NR NTN, it is not preferrable to have duplicated discussion in different WIs. In that point of view, it is preferred to deprioritize to study on-demand cell or satellite beam on/off in Rel-19 NR NTN. 
Observation 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. 

3. Conclusions
In this contribution, we discussed DL coverage enhancement for NR NTN. Based on the above discussion, our observations and proposals are given as follows:
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. 
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Appendix
Table A-1: Updated CNR of the beam footprint with 50km diameter (Set 1-1).
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Table A-2: Updated CNR of the beam footprint with 50km diameter (Set 1-2).
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Table A-3: Updated CNR of the beam footprint with 50km diameter (Set 1-3).
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Table A-4: Updated CNR of the wide beam footprint with 100km diameter in Set 1-2.
[image: ]

Table B-1: Updated CNR of the normal beam footprint in FR2.
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CNR [dB] 6.15 3.14 -15.86 -2.80 -2.74 -3.16 1.24 1.26 0.88 -7.79 -7.89 -8.02 -3.82 -3.89 -4.05

Nadir Elavation: 30 degree Elavation: 10 degree
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longest

(Array

antenna)

shortest

(Parabolic

antenna)

center

(Parabolic
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longest

(Parabolic

antenna)

EIRP [dBW] 40.96 37.96 18.96 36.72 36.96 36.72 40.76 40.96 40.76 36.95 36.96 36.95 40.92 40.96 40.92

G/T [dB/K] -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11

k [dBW/K/Hz] -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60

PL

FS

 [dB] 154.03 154.04 154.04 158.74 158.92 159.10 158.74 158.92 159.10 163.96 164.08 164.19 163.96 164.08 164.19

PL

A

 [dB] 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

PL

SM

 [dB] 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00

PL

SL

 [dB] 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20

PL

AD

 [dB] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

B [MHz] 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00

Tot. DL Power [dBW] 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00

P

T

 [dBW] 10.96 10.96 10.96 10.96 10.96 10.96 10.96 10.96 10.96 10.96 10.96 10.96 10.96 10.96 10.96

# of active beams 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00

G

R

 [dBi] -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49

G

T

 [dBi] 30.00 27.00 8.00 25.76 26.00 25.76 29.80 30.00 29.80 25.99 26.00 25.99 29.96 30.00 29.96

N

f

 [dB] 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00

T

0

 [K] 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00

T

a

 [K] 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00

Distance [km] 600.00 600.57 600.57 1032.00 1053.00 1075.00 1032.00 1053.00 1075.00 1882.00 1907.00 1932.00 1882.00 1907.00 1932.00

CNR [dB] 6.12 3.11 -15.89 -2.83 -2.76 -3.18 1.21 1.24 0.86 -7.82 -7.92 -8.05 -3.85 -3.92 -4.08



Nadir Elavation: 30 degree Elavation: 10 degree
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EIRP [dBW] 35.75 32.75 13.75 31.51 31.75 31.51 35.55 35.75 35.55 31.74 31.75 31.74 35.71 35.75 35.71

G/T [dB/K] -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11

k [dBW/K/Hz] -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60

PL

FS

 [dB] 154.03 154.04 154.04 158.74 158.92 159.10 158.74 158.92 159.10 163.96 164.08 164.19 163.96 164.08 164.19

PL

A

 [dB] 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

PL

SM

 [dB] 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00

PL

SL

 [dB] 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20

PL

AD

 [dB] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

B [MHz] 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00

Tot. DL Power [dBW] 26.00 26.00 26.00 26.00 26.00 26.00 26.00 26.00 26.00 26.00 26.00 26.00 26.00 26.00 26.00

P

T

 [dBW] 5.75 5.75 5.75 5.75 5.75 5.75 5.75 5.75 5.75 5.75 5.75 5.75 5.75 5.75 5.75

# of active beams 106.00 106.00 106.00 106.00 106.00 106.00 106.00 106.00 106.00 106.00 106.00 106.00 106.00 106.00 106.00

G

R

 [dBi] -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49

G

T

 [dBi] 30.00 27.00 8.00 25.76 26.00 25.76 29.80 30.00 29.80 25.99 26.00 25.99 29.96 30.00 29.96

N

f

 [dB] 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00

T

0

 [K] 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00

T

a

 [K] 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00

Distance [km] 600.00 600.57 600.57 1032.00 1053.00 1075.00 1032.00 1053.00 1075.00 1882.00 1907.00 1932.00 1882.00 1907.00 1932.00

CNR [dB] 0.91 -2.10 -21.10 -8.04 -7.98 -8.40 -4.00 -3.98 -4.36 -13.03 -13.13 -13.26 -9.06 -9.13 -9.29

Elavation: 10 degree Nadir Elavation: 30 degree
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EIRP [dBW] 40.96 24.96 3.96 36.72 36.96 36.72 39.76 40.96 39.76 36.95 36.96 36.95 40.86 40.96 40.86

G/T [dB/K] -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11 -37.11

k [dBW/K/Hz] -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60

PL

FS

 [dB] 154.03 154.04 154.04 158.02 158.57 159.10 158.02 158.57 159.10 163.73 163.96 164.19 163.73 163.96 164.19

PL

A

 [dB] 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

PL

SM

 [dB] 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00

PL

SL

 [dB] 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20

PL

AD

 [dB] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

B [MHz] 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00

Tot. DL Power [dBW] 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00

P

T

 [dBW] 10.96 10.96 10.96 10.96 10.96 10.96 10.96 10.96 10.96 10.96 10.96 10.96 10.96 10.96 10.96

# of active beams 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00

G

R

 [dBi] -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49 -5.49

G

T

 [dBi] 30.00 14.00 -7.00 25.76 26.00 25.76 28.80 30.00 28.80 25.99 26.00 25.99 29.90 30.00 29.90

N

f

 [dB] 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00

T

0

 [K] 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00

T

a

 [K] 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00

Distance [km] 600.00 600.28 600.28 949.17 1011.00 1075.00 949.17 1011.00 1075.00 1833.00 1882.00 1932.00 1833.00 1882.00 1932.00

CNR [dB] 6.12 -9.88 -30.88 -2.10 -2.41 -3.18 0.94 1.59 -0.14 -7.59 -7.81 -8.05 -3.68 -3.81 -4.14



Nadir Elavation: 30 degree Elavation: 10 degree
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EIRP [dBW] 30.01 8.68 28.93 30.01 28.93 29.97 30.01 29.97

G/T [dB/K] 8.08 8.08 8.08 8.08 8.08 8.08 8.08 8.08

k [dBW/K/Hz] -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60 -228.60

PL

FS

 [dB] 174.03 174.03 178.95 179.03 179.10 184.10 184.15 184.19

PL

A

 [dB] 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

PL

SM

 [dB] 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00

PL

SL

 [dB] 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20

PL

AD

 [dB] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

B [MHz] 400.00 400.00 400.00 400.00 400.00 400.00 400.00 400.00

Tot. DL Power [dBW] 2.30 2.30 2.30 2.30 2.30 2.30 2.30 2.30

P

T

 [dBW] -8.49 -8.49 -8.49 -8.49 -8.49 -8.49 -8.49 -8.49

# of active beams 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00

G

R

 [dBi] 39.70 39.70 39.70 39.70 39.70 39.70 39.70 39.70

G

T

 [dBi] 38.50 17.17 37.42 38.50 37.42 38.46 38.50 38.46

N

f

 [dB] 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00

T

0

 [K] 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00

T

a

 [K] 290.00 290.00 290.00 290.00 290.00 290.00 290.00 290.00

Distance [km] 600.00 600.09 1057.00 1066.00 1075.00 1911.00 1922.00 1932.00

CNR [dB] 1.33 -20.00 -4.67 -3.66 -4.82 -8.77 -8.78 -8.87



Nadir

Elavation: 30 degree Elavation: 10 degree
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