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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 enhancements at the link level, specifically detailing improvements related to PDCCH.







2. PDCCH Enhancements
PDCCH enhancements can happen in the following ways:

a. 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. Presently TS 38.213 Clause 10.1 considers only two repetitions for PDCCH. For NTN point of view, the maximum number of repetitions can be extended beyond two.

Proposal 1: The maximum number of repetitions for PDCCH can be extended beyond two for NR NTN DL coverage enhancements. 

b. 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 2: 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 1: Supporting dynamic aggregation levels for each PDCCH repetition can yield diversity gain which leads to DL coverage enhancements in NR NTN. 

Proposal 3: For PDCCH, dynamic aggregation level per repetition can be configured to improve the DL coverage of NR NTN. 

c. 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 4: Each DCI format can be segmented depends on the size of the DCI to provide better coverage for NR NTN

d. Elevation Angle based adaptation.
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 5: 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. 

e. On Number of DMRS
At present, 25% of PDCCH resources are being occupied by the DMRS. A forementioned 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 6: Study the adoption of number of DMRS based on the elevation angle to improve the spectral efficiency in NR NTN. 

3. 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]. Therefore, the maximum number of repetitions that the PSSCH is configured with, is 8. To improve the reliability further, the maximum number of repetitions can be increased to 16 or 32 for NTN scenarios. 

Proposal 7: The maximum number of repetitions can be increased to 16 or 32 to improve the coverage of NR NTN. 
4. Link Level Simulation

Analysing the link budget is essential to identify the bottleneck channels impacting coverage and to find the performance gaps to support the	target services in NTN. The link level simulation can be done for each methods mentioned above, using the parameters given in appendix. 

Proposal 8: Rel-16 NR NTN link level simulation parameters can be reutilized in NR NTN Rel-19 for DL coverage enhancement with UE antenna gain as -5dBi.

Proposal 9: Link level simulation should be performed to evaluate the coverage performance considering different repetitions, segmentations, and dynamic aggregation levels for PDCCH. Annex A can be used as starting point for evaluation parameters. 

5. Conclusion
This contribution has been addressed methods to enhance the link quality between the UE and the satellite, with a specific focus on discussing PDCCH enhancements.


Proposal 1: The maximum number of repetitions for PDCCH can be extended beyond two for NR NTN DL coverage enhancements. 

Proposal 2: 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 1: Supporting dynamic aggregation levels for each PDCCH repetition can yield diversity gain which leads to DL coverage enhancements in NR NTN. 

Proposal 3: For PDCCH, dynamic aggregation level per repetition can be configured to improve the DL coverage of NR NTN. 

Proposal 4: Each DCI format can be segmented depends on the size of the DCI to provide better coverage for NR NTN

Proposal 5: 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 6: Study the adoption of number of DMRS based on the elevation angle to improve the spectral efficiency in NR NTN. 

Proposal 7: The maximum number of repetitions can be increased to 16 or 32 to improve the coverage of NR NTN. 

Proposal 8: Rel-16 NR NTN link level simulation parameters can be reutilized in NR NTN Rel-19 for DL coverage enhancement with the UE antenna gain as -5dBi.

Proposal 9: Link level simulation should be performed to evaluate the coverage performance considering different repetitions, segmentations, and dynamic aggregation levels for PDCCH. Annex A can be used as starting point for evaluation parameters. 
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Annex A:
[bookmark: _Ref102020722]Table 1: Parameter configuration for link budget analysis
	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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