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1. Introduction
In RAN#102 meeting, a new Work Item on Non-Terrestrial Networks (NTN) for NR Phase 3 was approved [1]. Multiple RAN1 related objectives has been discussed in RAN #102. This paper specifically addresses the enhancements in downlink coverage for NR NTN.

Detailed objectives of downlink coverage enhancements for NR NTN include:
	Study and specify if beneficial downlink coverage enhancements targeting support for additional reference satellite payload parameters covering both GSO and NGSO constellations operating in FR1-NTN or FR2-NTN [RAN1, RAN2]
· Define additional reference satellite payload parameters assuming power sharing among satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint, such that satellite beams may not all be simultaneously active or may be active below the nominal EIRP density per satellite beam (see section 6.1.1 in TR 38.821) due to limited power and limited feeder link bandwidth.
· [bookmark: _Hlk153196694]Define the corresponding power sharing assumptions and necessary link level and system level evaluation methodology and relevant KPIs for evaluations of the coverage, to allow for identification of physical channels/signals and system-level aspects that need enhancements and the corresponding needed improvements.
· Study and if needed specify solutions, including link level enhancements for FR1-NTN (e.g. for PDCCH, PDSCH) and/or system level enhancements for FR1-NTN and/or FR2-NTN, allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint.
· Notes for this objective:
· SSB channel enhancement is not considered
· Antenna gain of UE shall be assumed to be -5.5dBi in case of smartphone in FR1-NTN, the UE is assumed to be a full duplex UE, and at least 2Rx are considered at the UE
· NGSO to be considered in priority: LEO Set-1 @ 600 km
· Rel-18 network energy saving techniques should be considered as baseline in the system level study



This contribution focuses on evaluation results of link level simulations, identifying the coverage gaps, and enhancements of DL coverage at the link level, specifically detailing improvements related to PDCCH. This contribution also has the system level enhancements which improves the coverage ratio. 
2. Discussion
The following agreements are made in RAN1#116 [4] for link level simulations to identify the coverage gap in DL.


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




 

a. Link budget analysis.

The CNR values are calculated using the equation provided in Section 6.1.3 of document 38.821[3]. The equation is as below.
   								(1)

where EIRP is effective isotropic radiated power (EIRP), G/T is antenna-gain-to-noise-temperature,  k is Boltzmann constant and equals to -228.6 dBW/K/Hz,  PLFS is free space path loss,  PLA is atmospheric path loss due to gases and rain fades,  PLSM  is shadowing margin,  PLSL is scintillation loss,  PLAD is additional loss, for example degradation due to feeder links in case of non-regenerative systems, and  B is channel bandwidth.

[bookmark: move166206317]Three sets of parameters are being examined for LEO 600 from [4] as agreed in the RAN 1 #116 meeting. The Annex A provides the different parameter used for set 1-1, set 1-2 and set 1-3 and the analytically calculated CNR value. These set of parameters primarily differing in EIRP values, consequently impacting CNR. In RAN #116bis baseline CNR values are -1.9 dB, -1.9 dB and -9.9 dB for set 1-1, set 1-2 and set 1-3 respectively, are agreed. These values are expected to be compared against the simulated SNR values for different DL channels.

b. Link level simulations.

This section provides the link level simulations for the PDCCH channel. Table 1 provides the used simulation parameters. 
                             
	Parameter
	Value

	Center frequency
	2 GHz

	Channel model
	NTN-TDL-C

	Frequency bandwidth
	5 MHz

	SCS
	15 kHz

	Frequency offset (ppm)
	0.1

	UE speed
	3 km/h

	PRB allocation
	24

	Symbol duration
	2

	Modulation
	QPSK

	Aggregation level
	1,2,4,8

	CCE-to-REG mapping
	Interleaved

	Interleaver size (R)
	2

	REG-bundle size (L)
	6

	Payload size
	40 bits

	Target metric
	1% BLER


Table 1: Simulation parameters for PDCCH

[bookmark: move163636737]Figure 1 depicts the BLER verses SNR curve. The simulation results depicted shows an SNR of -5.38dB is required for a 1% target BLER to achieve for PDCCH channel in DL NTN scenario. The figure 1 also illustrates the relationship between SNR and BLER for various aggregation levels e.g., AL = 1, AL = 2, AL = 4, and AL = 8. As SNR increases, BLER decreases across all aggregation levels. Additionally, higher aggregation levels correspond to reduced BLER. Notably, AL=8 is of particular interest as it represents the maximum aggregation level feasible under given bandwidth of 5MHz with weak coverage conditions. The target BLER for PDCCH is 10-2. The target BLER is achieved at an SNR of -5.38 dB.

[bookmark: _Ref1099956171][image: ]Figure 1: SNR vs BLER of PDCCH in NTN LEO-600 scenario.



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


c. Evaluation results.

[bookmark: move163637473]The coverage gap is identified by calculating the difference between the CNR calculated in section a and the required SNR as presented in section b. It is determined by comparing CNR (from Table 1) with the required SNR obtained from Figure 1, calculated as CNR - Required SNR.

	LEO 600
	Set 1-1
	Set 1-2
	Set 1-3

	CNR
	-1.9
	-1.9
	-9.9

	Required SNR
	-5.38
	-5.38
	-5.38

	Gap
	3.48
	3.48
	−4.52


[bookmark: _Ref110426244]Table 2: Gap between required SNR and CNR for set 1-1, set 1-2 and set 1-3 satellite parameters.

Under set 1-1 and set 1-2 parameters, there are no coverage gaps identified rather it has 3.48 dB extra margin. Here the EIRP is kept same as in TR 38.811 which is 34 dBm/MHz. Notably, a coverage gap only exists in the LEO 600 scenario with set 1-3 parameters due to reduction in EIRP, resulting in a CNR value of -9.9dB. Consequently, there is a coverage gap of −4.52dB. This conclude that in practical deployment case the available EIRP is less than 34 dBw/MHz compared to set 1 assumption in TR 38.811 there is a gap in link margin for control channel PDCCH to achieve expected BLER. This need to be addressed using link level DL coverage enhancement solutions. 

Observation 2: 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 considered, considering reduced EIRP per beam for practical deployment case. Link level enhancement should target 5 dB improvement at least for the PDCCH channel.  



3. PDCCH Enhancements
The simulation results show a 5dB coverage gap for PDCCH, highlighting the need for PDCCH enhancements.Below are the methods used for these enhancements.

Higher number of repetitions
Increasing the repetition number can lead to time-domain diversity gain, resulting in improved coverage performance. In other words, the link quality can be enhanced through increased PDCCH repetitions. While TS 38.213, Clause 10.1, currently considers only two repetitions for PDCCH, the maximum number of repetitions can be extended beyond two.

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

Dynamic Aggregation Level
Currently, higher aggregation levels are selected for areas with poor coverage, while lower aggregation levels are chosen for regions with better coverage. Various aggregation levels, including 1, 2, 4, 8, and 16, exist. In the context of NTN, the link quality is very poor, resulting in inadequate coverage performance. Therefore, higher aggregation levels, such as 32 and 64, can be introduced.  As the aggregation level increases, the demand for resources for control signalling also increases. These aggregation levels are typically suited for delay-tolerant applications, which is often the case in NR NTN.

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. 

There's a necessity to improve the coverage by increasing PDCCH repetitions. To further enhance coverage, a higher aggregation level has been introduced. Maintaining a constant aggregation level for all repetitions would only result in a constant gain. Conversely, employing different aggregation levels for each repetition may yield additional gains in terms of coding and diversity. For example, in the case of four repetitions of PDCCH, each repetition can employ different aggregation levels sequentially, such as 32, 16, 8, and 4. This method yields coding and diversity gains.

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. 


DCI Segmentations
Within PDCCH, DCIs are transmitted. Each DCI consists of different number of bits. To enhance the link quality, these DCIs can undergo the segmentation, with CRC added for each segment. Subsequently, channel coding and rate matching are applied to each segment before mapping them onto the resource grid. This process increases redundancy for each segment, thereby increasing the success probability of the DCI. For instance, DCI 1_1 comprises 79 bits, divided into two segments: one with 40 bits and the other with 39 bits. After applying CRC, channel coding, and rate matching to each segment, they are mapped onto the REs for the transmission, thereby enhancing the reliability.

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

Elevation Angle
The number of repetitions, aggregation level and number of segmentations are need not be static. Instead, the satellite can dynamically select these parameters based on the elevation angle, which is a crucial factor in satellite communication. The elevation angle determines the probability of line-of-sight and other essential parameters in satellite networks. The study should be conducted to find the best combination on number of repetitions, aggregation level and number of segmentations for each elevation angle. For example, when the elevation angle is 90 degrees, the probability of line of sight exceeds 99%. Consequently, the minimum number for repetition, aggregation level, and segmentations may satisfy the requirements. However, as the elevation angle decreases, these parameters can be increased to meet specific demands.

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. 

On Number of DMRS
At present, 25% of PDCCH resources are being occupied by the DMRS. Aforementioned methods to improve the coverage uses more resources. Thus, it is important to use the existing resources efficiently. Since the satellite maintains line-of-sight communication, it doesn't require a high number of DMRS in PDCCH. Small scale fading is negligible in satellite environments, and the line-of-sight probability changing primarily with elevation angle. Therefore, the satellite can determine the appropriate number of DMRS based on the elevation angle. A single DMRS is sufficient when the elevation angle is 90 degrees. As the elevation angle decreases, increasing the number of DMRS helps to increase the reliability. A study should be conducted to determine the optimal number of DMRS for each elevation angle.

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

4. PDSCH Enhancements
Increasing the repetition number can lead to time-domain diversity gain, resulting in improved coverage performance. In other words, the link quality can be enhanced through increased PDSCH repetitions. At present, pdsch-aggregationfactor can be n2, n4 or n8 [TS 38.331, pdsch-config]. That is, the maximum number of repetitions that the PDSCH can have is 8. To improve the reliability further, the maximum number of repetitions can be increased to 16 or 32 for NTN scenarios. 

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



5. System Level Enhancements

During RAN1 #116, an agreement was made that includes parameters for Set 1-1, 1-2, and 1-3. In Set 1-2, a fewer number of beams are active compared to Set 1-1 and 1-3. It's evident that not all beams can be active at the nominal EIRP density, which is given in 38.821.

	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
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.
· [bookmark: move166207264]Other assumptions made in the evaluation are to be reported by companies, e.g. power sharing scheme, beam hopping scheme, etc.








                             (a)                      						   (b)
 
Figure 2: Illustration of interference among cells

As from practical deployment point of view, only a subset of beams can be active simultaneously (i.e. 1% to 10 % of total  beam footprints), it's essential to implement a beam hopping/scheduling method to ensure a fair distribution among beams with maximum throughput. Such beam hopping/scheduling can be realized in two ways: i) Random beam hopping ii) Traffic-based beam hopping.

Regarding random beam hopping, there's a concern about potential interference if the selected beam per hop are closely spaced as show in the figure 2 (a). With the NTN beam pattern, cells could experience interference from two tiers of neighbouring cells. In Figure 2 (a), it is noticeable that the active cells are in close proximity, resulting in interference. Conversely, in Figure 2 (b), employing a beam scheduling algorithm ensures that active cells are strategically placed far apart, thereby preventing interference. Thus, it is beneficial to choose beams that are positioned away from each other to minimize interference.

Proposal 11: For Rel-19 NR NTN DL coverage enhancements, develop a beam hopping methods which minimizes the adjacent beam interference.

Further as per the previous meeting agreement, the number of beams are classified as N1, N2 and N3 beams where N1 number of beams are in “OFF” state, N2 number of beams are in “common message only” state and N3 number of beams are “active traffic” state.  In the "OFF" state, beams are inactive, leading to no information exchange between the satellite and UE. The "common message only" state involves transmitting shared information like SSB, systemin formations like (SIB1, SIB19 etc.), from the base station to the UE. In the "active traffic" state, data transmission occurs between the satellite and UE. The total number of simultaneous active beams should be N2 + N3. 
In the specified frequency range in FR 1 for NTN (n256 and n255), only 4 beams can be present in a SSB burst if one SSB per beam is configured. With a periodicity of 20ms, for parameters set 1-1 and 1-3, there are 106 simultaneous active beams, allowing for 4*106 = 424 beams in the beam sweep. A beam sweep takes 5ms to complete, enabling all beams (4*424) to be visited within the 20ms periodicity. However, for set 1-2 parameters, only 16 beams can be active, and 4*16 = 64 beams can be visited in an SSB burst, totalling 4*64 = 256 beams within the 20ms periodicity. Therefore, if the SSB periodicity is increased to 80 ms it may be possible to sweep complete beams. But this will result in changing the design of SSB and may create the backward compatibility issues. Further WID clearly mentions that “SSB channel enhancement is not considered”.


Other possibility is   to increase the number of beams in the SSB burst from 4 to 16 can also enhance the coverage ratio. Wherein the coverage ratio is,

Coverage ratio = number of active beams/total beam footprints

For example, with a 5ms duration for the SSB burst, 16 * 16 = 256 beams can be visited during a sweep. This means nearly all beams can be visited within a 20ms periodicity.


Another option is to enlarge the beam size to cover the desired coverage area with wider beams, particularly for the N2 beams (carrying common channels). This would result in fewer total number of beams covering the same area. Currently, each beam has a diameter of 50km. By increasing this diameter to e.g. 100km, the total number of beams footprints would decrease, leading to an increased coverage ratio.


In the RAN1 #116 meeting, it was discussed that Rel-18 NES techniques could also be implemented in NTN with appropriate modifications. Cell DRX/DTX was highlighted as a crucial energy-saving technique that could be adopted in NTN. The beams can be turned ON/OFF instead of using UE-specific C-DRX. The UE should be informed when the beam becomes inactive. One scenario to consider is the constant change in cells relative to UE due to the movement of the satellite. Accordingly, the beam must be activated or deactivated.

Proposal 12: System level enhancements for NTN DL coverage enhancement, at least for N2 beams consider following options:
Option 1: Increase the SSB periodicity more than 20 ms. Possible values are 80ms, 160ms.
· Backward compatibility issues should be considered.
Option 2: Increasing the number of beams in an SSB burst.
Option 3: Increasing the beam width to cover the desired coverage area with possible SSB beams
· Necessary link gain loss should be compensated by link level enahcements.
Option 4: Support Cell DRX/DTX from Rel-18 NES to turn ON/OFF the beams as a system level enhancement to improve the DL coverage for Rel-19 NR NTN. 
· FFS: any NTN specific modification necessary.

Rel-19 NES introduces on-demand SSB/SIB1. Similarly, the UE can request the activation of a specific beam when it has traffic to transmit, and UE is in a RRC connected mode.

Proposal 13: Support on-demand beam activation when the UE has traffic to transmit to improve the DL coverage for Re-19 NR NTN.
6. Conclusion
This contribution includes the link level simulation for PDCCH, link budget analysis and system level enhancements. This contribution also addressed methods to enhance the link quality between the UE and the satellite, with a specific focus on discussing PDCCH enhancements.


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

Observation 2: 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 considered, 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. 	

Proposal 11: For Rel-19 NR NTN DL coverage enhancements, develop a beam hopping methods which minimizes the adjacent beam interference.

Proposal 12: System level enhancements for NTN DL coverage enhancement, at least for N2 beams consider following options:
Option 1: Increase the SSB periodicity more than 20 ms. Possible values are 80ms, 160ms.
· Backward compatibility issues should be considered.
Option 2: Increasing the number of beams in an SSB burst.
Option 3: Increasing the beam width to cover the desired coverage area with possible SSB beams
· Necessary link gain loss should be compensated by link level enahcements.
Option 4: Support Cell DRX/DTX from Rel-18 NES to turn ON/OFF the beams as a system level enhancement to improve the DL coverage for Rel-19 NR NTN. 
· FFS: any NTN specific modification necessary.

Proposal 13:  Support on-demand beam activation when the UE has traffic to transmit to improve the DL coverage for Re-19 NR NTN.
7. References

[1] RP-234078, “New WID: Non-Terrestrial Networks (NTN) for NR Phase 3,” RAN#102, Dec. 2023.
[2] 3GPP TR 38.811 v15.2.0: "Study on New Radio (NR) to support non-terrestrial networks (Release 15)".
[3] 3GPP TR 38.821: “Solutions for NR to support non-terrestrial networks (NTN) (Release 16)”. 
[4] Chair notes RAN1#116 eom0, RAN1#116, Feb. 2024.



Annex A:
[bookmark: _Hlk166206503]This provides the parameters used for CNR calculations for Set 1-1, Set 1-2 and Set 1-3 evaluation scenario for LEO 600 constellation of the NTN system.
	parameters
	Unit
	LEO 600

	
	
	Set 1-1
	Set 1-2
	Set 1-3

	Frequency
	GHz
	2
	2
	2

	Elevation angle
	degree
	30
	30
	30

	Free space path loss
	dB
	159.1
	159.1
	159.1

	Atmospheric path loss
	dB
	0.1
	0.1
	0.1

	Polarisation loss
	DB
	3
	3
	3

	Scintilation loss
	dB
	2.2
	2.2
	2.2

	Shadow margin
	dB
	3
	3
	3

	Bandwidth per beam
	MHz
	5
	5
	5

	Antenna gain
	dBi
	30
	30
	30

	Max. EIRP per Satellite beam 
	dBW
	41
	41
	33

	Antenna gain
	dBi
	-5.5
	-5.5
	-5.5

	G/T
	dB/K
	-37.1
	-37.1
	-37.1

	CNR
	dB
	-1.9
	-1.9
	-9.9


Table 3 CNR Computations for Various Altitudes



Annex B:

This provides the assumed evaluation parameters for the link level simulation provided in the contribution for the Set 1-1, Set 1-2 and Set 1-3 evaluation scenario for LEO 600 constellation of the NTN system.

	Parameters
	Notes

	Carrier frequency
	2 GHz for DL and UL (S-band),

	System bandwidth
	30 MHz (S-band)

	Channel bandwidth
	DL: system bandwidth/ frequency reuse factor
UL:
UL in S-band (handheld UE): 360 kHz
Otherwise: system bandwidth/ frequency reuse factor
Note: The UL bandwidth may be a challenge.

	Satellite altitude
	600 km, 1200 km, 35786 km

	Atmospheric loss
	Equation (6.6-8) in [2]

	Shadowing margin
	3 dB 

	Scintillation loss
	Section 6.6.6 in [2]
Ionospheric loss: [image: ]= 2.2 dB (note 1)
Tropospheric loss: Table 6.6.6.2.1-1 of [2]

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Frequency reuse factor
	1, 2, 3

	Average CIR within a satellite beam based on logarithmic mean 
	Based on single satellite system-level calibration methodology, statistics for average CIR are only collected for the UEs located in the central beam of the 19-beamlayout. The central beam boresight direction is computed based on the target elevation angle assumption. When the generated beam has a partial or full coverage outside the earth, it is discarded.

For DL calibration, CIR is computed by averaging CIR over UEs randomly distributed over the reference beam (UE distribution assumption of Table 6.1.1.1-5). (See Figure 6.1.3.2-1 for UE bandwidth allocation, and Figure 6.1.1.1-1 and Figure 6.1.1.1-2 in [3] for beam deployment).

For UL calibration, For Handheld device, the channel bandwidth is 360 kHz.
For VSAT, the channel bandwidth equals the system bandwidth allocated to each beam divided by 10.
The devices in one beam are allocated on adjacent frequency resources. The same resource allocation is assumed for all the beams.
CIR is computed by averaging over 10 simultaneously transmitting UEs randomly distributed over the reference beam (UE distribution assumption of Table 6.1.1.1-5). (See Figure 6.1.3.2-2 for UE bandwidth allocation, and Figure 6.1.1.1-1 and Figure 6.1.1.1-2 in[3]for beam deployment)
The averaging should be performed over multiple realizations.

	Satellite antenna polarization
	Circular polarization

	Polarization reuse
	Enable if frequency reuse factor = 2 is considered.

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

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

	Terminal RF parameters
	Table 6.1.1-3 in[3]

	Satellite RF parameters
	Set-1 in Table 6.1.1-1 and Set-2 in Table 6.1.1-2 in[3]

	Polarization loss
	The considerations of Section 6.1.1.1 in[3]on Polarization loss apply.

	Outcome
	CNIR

	NOTE 1:	Based on P3 curve for 1% of time from Figure 6.6.6.1.4-1 of [2] after frequency scaling.
[image: ]dB
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