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Introduction
The Release-18 NR NTN enhancement work item was approved in RAN #94e meeting [1] and updated in RAN #95e meeting [3].

In the NR NTN work item, one of the RAN1 objectives is coverage enhancement. In this contribution, we provide our views on coverage enhancement for NR NTN.
Discussion
General simulation assumptions
According to Release-18 NR NTN work item, one of RAN1 objectives is to evaluate the coverage performance and identify the candidate physical radio channels that have coverage issues. The justification of this objective is to address handset terminals, including smartphones, with respective to coverage considering the NTN characteristics such as large propagation delay and satellite movement. The evaluation of coverage performance is based on the use case of VoIP and low-data rate services for commercial handset terminals. 

It is an assumption that both VSAT devices with directive antenna and commercial handset terminals are supported in FR1 and only VSAT devices with directive antenna are supported in above 10 GHz hands. Since the evaluation of coverage performance is aimed for commercial handset terminals, it is straightforward that the evaluation of coverage performance is only on FR1. 

Proposal 1: The evaluation of the NR NTN coverage performance is only on FR1. 

The study on NR coverage enhancement was conducted in Release-17, where the simulation assumptions and performance evaluation were summarized in TR 38.830 [3]. Specifically, the general parameters for simulation assumptions for FR1 were provided in Table A.1-1 of [3]. Some of these parameters are inapplicable to NR NTN. 

Since Release-18 NR NTN assumes GSO and NGSO with transparent payload, we could focus on the scenario of satellite orbit of GEO, LEO-1200 and LEO-600, as defined in [4]. Since L-band and S-band have been agreed to be used in NR NTN, the operation frequency in the simulation assumptions could be 2 GHz.

It is mentioned [5] that for the minimal service levels, the data rate at the cell edge for very large coverage area is 100 kbps for more than 100 km cell coverage. This requirement is applicable to NR NTN. For the low-data rate services, we think the data rate in NR NTN could be 100 kbps for downlink and 50 kbps for uplink. For VoIP services, it was mentioned [3] that the packet size is 320 bits with 20 ms data arriving interval. 

The channel models for link level simulation were defined in [5]. Among these channel models, we use NTN-TDL-C channel model for LoS scenario. The delay spread can be set as 100 ns, as in [5]. The other parameters, e.g., channel bandwidth of 20 MHz, UE velocity of 3 km/h, could follow Table A.1-1 of [3]. 

Furthermore, the shadowing, scintillation loss and polarization loss in NTN could be 3 dB, 2.2 dB, 3 dB, respectively. The atmospheric path loss is 0.2 dB for GEO and 0.1 dB for LEO-1200 and LEO-600. 

Proposal 2: The evaluation of the NR NTN coverage performance has the assumptions of 
· satellite orbital: GEO, LEO-1200 and LEO-600
· frequency: 2 GHz
· VoIP service: 320 bits with 20 ms data arriving interval
· Low-data rate service: 100 kbps for downlink and 50 kbps for uplink
· link-level channel model: NTN-TDL-C
· delay spread: 100 ns
· channel bandwidth: 20 MHz
· UE velocity: 3 km/h 
· shadowing: 3 dB
· atmospheric path loss: 0.2 dB for GEO, 0.1 dB for LEO-1200 and LEO-600
· scintillation loss: 2.2 dB
· polarization loss: 3 dB

In NR terrestrial network, the simulation assumptions of base station include the number of transmit chains, the number of TxRUs, the number of antenna elements, and the antenna element gain. These parameters are used to calculate base station antenna gain and subsequently base station EIRP. 

In NR NTN service link, the simulation assumption is on satellite. Specifically, two sets of satellite parameters are provided in [4], which include both satellite EIRP density and G/T. These satellite parameters could be used as reference. 

Proposal 3: The evaluation of the NR NTN coverage performance has the assumption of set-1 or set-2 satellite parameters (i.e., satellite EIRP density and G/T) as reference. 

Consideration of ITU limitation of PFD
It is mentioned in the work item descriptions that the evaluation should also take into account any related regulatory requirements, e.g., ITU limitation on power flux density (PFD). 

The operations of NTN on L-band or S-band is subject to radio regulations restriction. According to [7], the power flux density should be limited in order to protect terrestrial services. The power flux density threshold is



where  is the elevation angle, and the parameters ,  are given in Table 1.

For example, at the downlink frequency of 2160-2200 MHz, the NGSO space stations should apply the power flux density calculation factors of  in 1 MHz and  dB/degree. For elevation angle of 90 degrees, the power flux density is given by , which is equal to  in 1 MHz.

The power flux density is defined as the amount of power flow through a unit area within a unit bandwidth. The power flux density is calculated by , where is the distance from satellite to UE. For example, the power flux density limitation of  in 1 MHz implies that satellite EIRP density is  dBW/MHz. Here, we ignore the losses (e.g., atmospheric path loss, scintillation loss, etc) in the calculation for simplicity.

In case of LEO-600 at elevation angle of 90 degrees, the satellite EIRP density is only 14 dBW/MHz. In other words, to meet the power flux density limitation, the satellite EIRP density has to be reduced from 34 dBW/MHz in set 1 satellite parameters to 14 dBW/MHz. This power flux density limitation will result in a reduction of 20 dB on satellite EIRP. 

Similarly, in case of LEO-1200 or GEO at elevation angle of 90 degrees, the satellite EIRP density is only 20 dBW/MHz or 44 dBW/MHz.

Proposal 4: In the evaluation of the NR NTN coverage performance, the satellite EIRP density is adjusted to satisfy ITU regulation of PFD limitation.
· With the consideration of ITU regulation of PFD limitation, the satellite EIRP density is adjusted to 44 dBW/MHz, 20 dBW/MHz and 14 dBW/MHz in GEO, LEO-1200, LEO-600, respectively. 

With the above consideration, we summarize general simulation parameters for FR1 in Table 2. 
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	Parameter
	Value

	Scenario 
	GEO, LEO-1200, LEO-600

	Elevation angle
	30 degrees

	Frequency
	2 GHz

	Target data rates for low-data rate services
	DL: 100 kbps; UL: 50 kbps

	Target data rates for VoIP
	Packet size of 320 bits with 20 ms data arriving interval

	Latency requirements for VoIP
	Reported by companies

	Pathloss model 
	LOS 

	BWP
	20 MHz

	Channel model for link-level simulation
	NTN-TDL-C 

	Delay spread
	100 ns

	UE velocity
	3 km/h or 120 km/h

	Satellite EIRP density
	Set 1: GEO: 59, LEO-1200: 40, LEO-600: 34 dBW/MHz
Set 2: GEO: 53.5, LEO-1200: 34, LEO-600: 28  

	Satellite EIRP density adjusted for PFD limitation 
	GEO: 44, LEO-1200: 20, LEO-600: 14 dBW/MHz


	G/T
	Set 1: GEO: 19, LEO-1200: 1.1, LEO-600: 1.1 dB 
Set 2: GEO: 14, LEO-1200: -4.9, LEO-600: -4.9 dB 

	Shadowing
	3 dB

	Atmospheric path loss 
	GEO: 0.2 dB, LEO-1200: 0.1 dB, LEO-600: 0.1 dB

	Scintillation loss 
	2.2 dB

	Polarization loss 
	3 dB



Performance metric
In the study of Release 17 NR coverage enhancement, three different metrics are used to identify the bottleneck physical layer channels: MCL (maximum coupling loss), MIL (maximum isotropic loss), MPL (maximum path loss). Since MCL only includes part of the gNB antenna gain (i.e., the number of TxRU over the number of RF chains), it does not fit with satellite EIRP density. On the other hand, the MPL includes pathloss and base station selection gain. This is unnecessary for NR NTN. Hence, we think only MIL is used to identify the bottleneck physical layer channel. 

Proposal 5: In the evaluation of NR NTN coverage performance, the MIL is used to identify the bottleneck physical layer channel.

Evaluation channels 
In Release 17 study of NR coverage enhancement, downlink channels show good coverage performance. Hence, the work item of Release 17 NR coverage enhancement focuses only on uplink channels, i.e., PUSCH, PUCCH and Msg 3 PUSCH. However, in the context of NTN, with the consideration of ITU limitation on PFD, the downlink channels may need to be examined. Hence, we propose to examine the downlink physical channels like PDCCH and PDSCH.

Also, the message transmission in RACH procedure involves the wider beam, which may suffer from the power degradation. Hence, Msg 2 PDSCH, Msg 3 PUSCH, Msg 4 PDSCH and HARQ-ACK for Msg 4 need to be examined for coverage.  

Proposal 6: The evaluation of the NR NTN coverage performance at least examines the physical channels of PDCCH, PDSCH, Msg 2 PDSCH, Msg 3 PUSCH, Msg 4 PDSCH and Msg 4 HARQ-ACK.

The simulation assumptions for FR1 for each physical channel are defined in [3]. Specifically, Tables A.1-2 – A.1-8 define the simulation assumptions of physical channels of PUSCH, PUCCH, PRACH, Msg.3 PUSCH, PDSCH, PDCCH, SSB, respectively. Most of the channel-specific parameters could be re-used.

Proposal 7: For the evaluation assumption for each physical channel, reuse Tables A.1-2 - A.1-8 in TR 38.830 as much as possible.

Conclusion
In this contribution, we provided our views on coverage enhancement for NR NTN. Our proposals are as follows:

Proposal 1: The evaluation of the NR NTN coverage performance is only on FR1. 

Proposal 2: The evaluation of the NR NTN coverage performance has the assumptions of 
· satellite orbital: GEO, LEO-1200 and LEO-600
· frequency: 2 GHz
· VoIP service: 320 bits with 20 ms data arriving interval
· Low-data rate service: 100 kbps for downlink and 50 kbps for uplink
· link-level channel model: NTN-TDL-C
· delay spread: 100 ns
· channel bandwidth: 20 MHz
· UE velocity: 3 km/h 
· shadowing: 3 dB
· atmospheric path loss: 0.2 dB for GEO, 0.1 dB for LEO-1200 and LEO-600
· scintillation loss: 2.2 dB
· polarization loss: 3 dB

Proposal 3: The evaluation of the NR NTN coverage performance has the assumption of set-1 or set-2 satellite parameters (i.e., satellite EIRP density and G/T) as reference. 

Proposal 4: In the evaluation of the NR NTN coverage performance, the satellite EIRP density is adjusted to satisfy ITU regulation of PFD limitation.
· With the consideration of ITU regulation of PFD limitation, the satellite EIRP density is adjusted to 44 dBW/MHz, 20 dBW/MHz and 14 dBW/MHz in GEO, LEO-1200, LEO-600, respectively. 

Proposal 5: In the evaluation of NR NTN coverage performance, the MIL is used to identify the bottleneck physical layer channel.

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 6: The evaluation of the NR NTN coverage performance at least examines the physical channels of PDCCH, PDSCH, Msg 2 PDSCH, Msg 3 PUSCH, Msg 4 PDSCH and Msg 4 HARQ-ACK.

Proposal 7: For the evaluation assumption for each physical channel, reuse Tables A.1-2 - A.1-8 in TR 38.830 as much as possible.
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Frequency Terrestrial
band service Coordination threshold values
(MHz) to be protected
GSO space stations Non-GSO space stations
pfd pfd % FDP
(per space station) (per space station) (in 1 MHz)
calculation factors calculation factors (NOTE 1)
(NOTE 2) (NOTE 2)
P rdB/ P rdB/
degrees degrees
1518-1525 Analogue —146 dB(W/m?) 0.5 —146 dB(W/m?) 0.5
FS telephony in 4 kHz and in 4 kHz and
(NOTE 5) —128 dB(W/m?) —128 dB(W/m?)
in 1 MHz in 1 MHz
All other cases | —128 dB(W/m?) 0.5 —-128 dB(W/m?) 0.5 25
FS telephony in 1 MHz in 1 MHz
(NOTES 4
and 8)
1525-1530 Analogue —146 dB(W/m?) 0.5 —146 dB(W/m?) 0.5
FS telephony in 4 kHz and in 4 kHz and
(NOTE 5) —128 dB(W/m?) —128 dB(W/m?) in
in 1 MHz 1 MHz
All other cases | —128 dB(W/m?) 0.5 —128 dB(W/m?) 0.5 25
in 1 MHz in 1 MHz
2 160-2 200 Analogue —-146 dB(W/m?) 0.5 —141 dB(W/m?) 0.5
FS telephony in 4 kHz and in 4 kHz and
(NOTE 5) —128 dB(W/m?) —-123 dB (W/m?) in
in 1 MHz 1 MHz
(NOTE 6)
(NOTE 3) All other cases | —128 dB(W/m?) 0.5 -123 dB(W/m?) 0.5 25
in 1 MHz in 1 MHz
(NOTE 6)
2 483.5-2 500 All cases —146 dB(W/m?) 0.5 —144 dB(W/m?) 0.65
(mobile- in 4 kHz and in 4 kHz and
satellite —128 dB(W/m?) —-126 dB(W/m?)
service) in 1 MHz in 1 MHz
(NOTE 9)
2 483.5-2 500 All cases —-152 dB(W/m?) - —153 dB(W/m?)
(radiodeterm- except the in 4 kHz in 4 kHz
ination-satellite | radiolocation —128 dB(W/m?) —129 dB(W/m?)
service) service in the in 1 MHz in 1 MHz
(NOTE 10) countries listed (NOTE 9)
in No. 5.398A
2 500-2 520 (SUP - WRC-07)
2 520-2 535 (SUP - WRC-07)





