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1 Introduction

In RAN#102 meeting, a new WID on NTN for NR [1] has been approved. In the WID, one of the objectives is to enhance DL coverage, as following.
	Study and specify if beneficial downlink coverage enhancements targeting support for additional reference satellite payload parameters covering both GSO and NGSO constellations operating in FR1-NTN or FR2-NTN [RAN1, RAN2, RAN4]

· Define additional reference satellite payload parameters assuming power sharing among satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint, such that satellite beams may not all be simultaneously active or may be active below the nominal EIRP density per satellite beam (see section 6.1.1 in TR 38.821) due to limited power and limited feeder link bandwidth.

· Define the corresponding power sharing assumptions and necessary link level and system level evaluation methodology and relevant KPIs for evaluations of the coverage, to allow for identification of physical channels/signals and system-level aspects that need enhancements and the corresponding needed improvements.

· Study and if needed specify solutions, including link level enhancements for FR1-NTN (e.g. for PDCCH, PDSCH) and/or system level enhancements for FR1-NTN and/or FR2-NTN, allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint.

· Notes for this objective:

· SSB channel enhancement is not considered

· Antenna gain of UE shall be assumed to be -5.5dBi in case of smartphone in FR1-NTN, the UE is assumed to be a full duplex UE, and at least 2Rx are considered at the UE

· NGSO to be considered in priority: LEO Set-1 @ 600 km

· Rel-18 network energy saving techniques should be considered as baseline in the system level study


In this contribution, we discuss DL coverage enhancement and present our views.
2 Discussion
In RAN2#115bis meeting, the following agreements were made regarding DL coverage enhancement for NTN.

Agreements:

1. With regard to link level enhancement, RAN2 waits for RAN1 agreement on the DL channels to enhance before starting any RAN2 work.

2. We will continue the discussion on RAN2 aspects of DL coverage enhancements (e.g. cell level / beam level DTX/DRX mechanism, etc.) in the next meetings, trying to identify questions to RAN1 for aspects where we need their input

Based on the above agreements, RAN2 will continue discussion on cell level/beam level DTX/DRX mechanism. An open issue is whether the DTX/DRX mechanism is cell level or beam level. In NTN deployment, a cell may consist of one or multiple beams. The maximum beam number in a cell is 4 and 64 in FR1 and FR2, respectively. In RAN1#116 meeting, the maximum number of simultaneously active beams to guarantee the nominal EIRP density per satellite beam was evaluated, and the following agreements were made.

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

 LEO600km Set1-1 FR1 (i.e., S-band)
Maximum Bandwidth per beam
5 MHz
SCS
15 kHz
Beam size(Note 1)
50km
Satellite EIRP density /beam (dBW/MHz)
34
Payload Total DL power level (dBW)
31.24
Aggregated EIRP (Total) (dBW)
61.24*
Satellite Tx max Gain
30 dBi
Maximum EIRP per Satellite beam (dBW)
41
Total number of beam footprints***
1058
Total number of simultaneously active beams **
106
% simultaneously active beams**
10.02 %
*Note: EIRP limit is 61.24 dBm for the reference configuration. 
**Assuming 100 % Resource Block utilization within the same beam at max power. Absolute number of simultaneously active beams is up to 212 (due to limitation of RF) 
*** For a constellation design at 600km with low elevation angle with 30° and selected (i.e Set 1 parameters) beam size
Note 1: At least this beam size is considered in this scenario, larger beam sizes maybe evaluated and reported by companies

LEO600km Set1-2 FR1 (i.e., S-band)
Maximum Bandwidth per beam
5 MHz
SCS
15 kHz
Beam size (note 1)
50km
Satellite EIRP density /beam (dBW/MHz)
34
Payload Total DL power level (dBW)
23
Aggregated EIRP (Total) (dBW)
53*
Satellite Tx max Gain
30 dBi
Maximum EIRP per Satellite beam (dBW)
41
Total number of beam footprints
1058
Total number of simultaneously active beams**
16
% simultaneously active beams**
1.5 %
*Note: EIRP limit is 53 dBm for the reference configuration. 
**Absolute number of simultaneously active beams is up to 16 (due to limitation of RF)
Note 1: At least this beam size is considered in this scenario, larger beam sizes maybe evaluated and reported by companies

LEO600km Set 1-3 FR1 (i.e., S-band)
Maximum Bandwidth per beam
5 MHz
SCS
15 kHz
Beam size (note 1)
50km
Satellite EIRP density /beam (dBW/MHz)
26
Payload Total DL power level (dBW)
23.24
Aggregated EIRP (Total) (dBW)
53.24*
Satellite Tx max Gain
30 dBi
Maximum EIRP per Satellite beam (dBW)
33
Total number of beam footprints
1058
Total number of simultaneously active beams**
106
% simultaneously active beams**
10.02 %
*Note: EIRP limit is 53.24 dBm for the reference configuration. 
**Absolute number of simultaneously active beams is up to 212 (due to limitation of RF)
Note 1: At least this beam size is considered in this scenario, larger beam sizes maybe evaluated and reported by companies

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

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

LEO600km Set1-1 FR2 (i.e., Ka-band)
Maximum Bandwidth per beam
400 MHz
SCS
120 kHz
Beam size
TBD in next meeting

Satellite EIRP density /beam (dBW/MHz)
Payload Total DL power level (dBW)
Aggregated EIRP (Total) (dBW)
Satellite Tx max Gain
EIRP per Satellite beam (dBW)
Total number of beam footprints
800 (note 1)
Total number of simultaneously active beams
12

% simultaneously active beams
1.5 %
Note 1: A typical deployment scenario in FR2 should consider 800 satellites beams per a single satellite coverage area with an absolute number of simultaneously active beams equal to 16 (due to limitation of RF)



Based on RAN1 evaluation, in the worst case, the total number of simultaneously active beams is only 16. If cell DTX/DRX is adopted, it is required that all beams in a cell should be simultaneously active or inactive. To achieve this, the network deployment has to ensure that the maximum beam number in a cell shall not be more than 16, forcing the reduction of cell size. This will have a negative impact on mobility performance, since more frequent handover will be triggered. The most straightforward way would be adopting beam level DTX/DRX.
Observation 1 Adopting cell level DTX/DRX may result in the reduction of cell size, which would cause more frequent handover.
Proposal 1 Support beam level DTX/DRX mechanism in NTN.
In RAN1#116 meeting, RAN1 agreed to study the following beam states.

	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.


Note that in RAN1’s evaluation, different beam state will have different impact on UE behaviour and there still might be the change of beam state. As RAN1 has no conclusion on which of the above states are to be supported, RAN2 can wait until more progress is made in RAN1.
Proposal 2 RAN2 to postpone the discussion on more details on beam level DTX/DRX until RAN1 makes more progress.

3 Conclusion
Based on the discussion we make the following observation:

Observation 1 Adopting cell level DTX/DRX may result in the reduction of cell size, which would cause more frequent handover.
And we give the following proposals:
Proposal 1 Support beam level DTX/DRX mechanism in NTN.
Proposal 2 RAN2 to postpone the discussion on more details on beam level DTX/DRX until RAN1 makes more progress.
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