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1. Introduction
In Rel-18, further enhancement on NTN are supported according to the corresponding WI [1]. For NR-NTN, the DL coverage enhancement issue is still pending as shown in the WID [1]:
The following sentence will be revisited in RAN#99 as part of the DL enhancements discussion:
“The evaluation should also take into account any related regulatory requirements, e.g., ITU limitation of power flux density.” No work on this topic will take place in RAN WGs before the discussion on DL enhancements in RAN#99.
Meanwhile, the scope of 3GPP submission towards IMT-2020 Satellite was discussed in RAN#98e but no consensus achieved [2].
In this contribution, views on the above issues are elaborated with detailed analysis.
2. Discussion on DL coverage enhancement in NTN
0. 
1. 
2. 
In RAN1#110, RAN1 has evaluated the DL coverage performance with and without ITU limitation of PFD (power flux density) limit. However, since companies cannot achieve consensus on whether and how to treat the PFD limit in 3GPP, RAN1 does not propose observations on DL coverage performance along with corresponding conclusions on the identified performance gap and enhancement for DL channels. In RAN#97e, whether to enhance DL coverage was further discussed but still no consensus and decide to revisit it in RAN#99.
Generally, in our view, RAN should discuss PFD issue and draw clear conclusion on how to treat ITU limitation of PFD. For NTN, 3GPP has agreed the FR1 satellite bands as in Table 1 (Table 5.2.2-1 in [3]), where 2170 MHz – 2200 MHz has been agreed for DL operation. While in ITU, the PFD limit of space stations was introduced to reduce interference to terrestrial network for the band 2160 MHz – 2200 MHz as shown in Table 2 (part of Table 5-2 in [4]). That is, the NTN band n256 agreed in 3GPP fall within the frequency bands with ITU PFD regulation limit for space stations.
[bookmark: _Ref129267552]Table 1 NTN satellite bands in FR1 [3]
	NTN satellite operating band
	Uplink (UL) operating band
Satellite Access Node receive / UE transmit
FUL,low   –  FUL,high
	Downlink (DL) operating band
Satellite Access Node transmit / UE receive
FDL,low   –  FDL,high 
	Duplex mode

	n256
	1980MHz – 2010 MHz
	2170 MHz – 2200 MHz
	FDD

	n255
	1626.5 MHz – 1660.5 MHz
	1525 MHz – 1559 MHz
	FDD

	NOTE: 	NTN satellite bands are numbered in descending order from n256.


[bookmark: _Ref129269281]Table 2 PFD limit of space stations [4]
	Frequency band (MHz)
	Terrestrial service to be protected
	Coordination threshold values

	
	
	GSO space stations 
	Non-GSO space stations

	
	
	pfd (per space station) calculation factors 
(NOTE 2)
	pfd (per space station) calculation factors
(NOTE 2)
	% FDP 
(in 1 MHz) 


	
	
	P
	r dB/ 
degrees
	P
	r dB/ 
degrees
	

	1 525-1 530
	Analogue FS telephony 

	−146 dB(W/m2) 
in 4 kHz and 
−128 dB(W/m2) 
in 1 MHz
	0.5
	−146 dB(W/m2) 
in 4 kHz and 
−128 dB(W/m2) 
in 1 MHz
	0.5
	

	
	All other cases
	−128 dB(W/m2) 
in 1 MHz
	0.5
	−128 dB(W/m2) 
in 1 MHz
	0.5
	25

	2 160-2 200
	Analogue FS telephony 

	−146 dB(W/m2) 
in 4 kHz and 
−128 dB(W/m2) 
in 1 MHz
	0.5
	−141 dB(W/m2) 
in 4 kHz and 
−123 dB(W/m2) 
in 1 MHz
	0.5
	

	
	All other cases
	−128 dB(W/m2) 
in 1 MHz
	0.5
	−123 dB(W/m2) 
in 1 MHz
	0.5
	25


NOTE 2 – The following formula should be used for deriving the coordination threshold in terms of pfd: 
P                   			for      			0° ≤ δ ≤ 5° 
P + r (δ– 5) 			for      			5° < δ ≤ 25° 
P + 20 r         			for     			25° < δ ≤ 90° 
where δ is the angle of arrival (degrees). 
The threshold values are obtained under assumed free-space propagation conditions.
Besides the understanding on PFD limit based on Table 5-2 in [4], two other understandings based on different places of ITU regulation were also proposed in RAN1 discussions [5]:
· ITU regulation - Table 21-4 (Rev.WRC-19) [4]
· ITU regulation - Annex to Resolution 212 (Rev.WRC-19) [6]
With different understandings, the PFD limit is variant. The corresponding transmit power reduction at satellite and DL coverage performance will also be different. In order to make it clear whether DL coverage enhancement is needed, RAN should discuss which assumption of PFD limit to be considered and provide guidance to WG. If it’s failed to achieve consensus in RAN, an LS to ITU-R is preferred for clarification.
Proposal 1: RAN should conclude whether and which assumption of ITU PFD limit to be considered and provide guidance to WG
· An LS to ITU-R for clarification is preferred if RAN cannot achieve consensus.
If PFD limit based on Table 5-2 in [4] is considered, the DL coverage enhancement will be significantly impacted. For example, the CNR with and without PFD limit for LEO case are evaluated as shown in Figure 1 based on set-1 and set-2 satellite assumption. The CNR with PFD limit is at about -11.8 dB when the elevation angle increases from 25 to 90 degrees, which is significantly lower than either set-1 or set-2 satellite without PFD limit. When elevation angle is lower than 25 degrees, the CNR could be even worse. That is, transmit power reduction at satellite is needed to satisfy the PFD limit. And with reduced transmit power, significant performance gap for several DL channels can be observed according to all the sources which provide corresponding evaluations in RAN1#110. Hence, it should be concluded that performance gap is identified for one or more downlink channels and signals (e.g. Msg4 PDSCH, PDCCH) with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain, if satellite transmit power reduction due to ITU PFD limit is considered.
[image: ]
[bookmark: _Ref129277967]Figure 1 DL CNR requirement on frequency band of 2160MHz-2200MHz
Furthermore, there is also difference on the satellite capability especially considering the support for multi-beams operation with shared power. So, potential consideration on the EIRP reduction seems necessary for further evaluations.
Proposal 2: It’s recommended to conclude the discussion on PFD issue in RAN meeting at least with following:
· With considering the satellite transmit power reduction due to existing ITU regulatory on PFD, performance gap is identified for NR-NTN for one or more downlink channels and signals (e.g. Msg4 PDSCH) with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain
3. Discussion on 3GPP submission towards IMT-2020 Satellite
In Circular Letter 4/LCCE/134 issued by ITU-R, WP 4B kindly invites the submission of proposals for candidate radio interface technologies (RITs) or a set of RITs (SRITs) for the satellite components of IMT 2020. In RAN#98e, which components should be covered in submission was discussed. Basically, all companies agree that the evaluation and submission should cover Rel 17 NR-NTN and IoT-NTN. However, no consensus was achieved on whether to consider NR and LTE pre-Rel 17 [2].
Considering the solid and dedicated study in past releases to address the critical issues for satellite based communication, the Rel-17 NR-NTN and IoT-NTN should be submitted to IMT-2020 satellite to demonstrate the commitment to the whole ecosystem, which is also aligned among majority. 
Regarding the proposal from others on pre-Rel 17 part, although we noticed that the potential feasibility is discussed in the paper [7], the corresponding discussion is more implementation-oriented approach with complicated adaptions at either satellite or network side address the specific issues. Moreover, the supported scenarios with theses proprietary modifications is also limited without performance evaluation and requirement, e.g., well defined requirement in RAN4 as Rel-17/18 NR-/IoT-NTN.  Furthermore, the inclusion of this aspect will deliver the inaccurate message to the eco-system and lead to further fragment on the market. Then, in our view, this direction should not be considered as part of submission.
Proposal 3: NR and LTE pre-Rel 17 should not be considered in the 3GPP submission towards IMT-2020 satellite.
4. [bookmark: _GoBack]Conclusions 
In this contribution, the views on coverage enhancement for NR-NTN and improved GNSS operations for IoT-NTN are concluded with following proposals: 
Proposal 1: RAN should conclude whether and which assumption of ITU PFD limit to be considered and provide guidance to WG
· An LS to ITU-R for clarification is preferred if RAN cannot achieve consensus.
Proposal 2: It’s recommended to conclude the discussion on PFD issue in RAN meeting at least with following:
· With considering the satellite transmit power reduction due to existing ITU regulatory on PFD, performance gap is identified for NR-NTN for one or more downlink channels and signals (e.g. Msg4 PDSCH) with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain
Proposal 3: NR and LTE pre-Rel 17 should not be considered in the 3GPP submission towards IMT-2020 satellite.
Reference
[1] [bookmark: _Ref88664126][bookmark: _Ref129267506][bookmark: _Ref66210534][bookmark: _Ref20585][bookmark: OLE_LINK7][bookmark: _Ref66212507][bookmark: _Ref427157992]RP-223534 Revised WID: NR NTN (Non-Terrestrial Networks) enhancements, RAN#98e
[2] [bookmark: _Ref129334928]RP-223444 Moderator's summary of discussion [98e-04-ITU-AH], RAN#98e
[3] [bookmark: _Ref129335547]3GPP TS 38.101-5, User Equipment (UE) radio transmission and reception, Part 5: Satellite access Radio Frequency (RF) and performance requirements, V17.2.0
[4] [bookmark: _Ref129335559]ITU Radio Regulations Appendices, Edition of 2020
[5] [bookmark: _Ref8432][bookmark: _Ref23398]R1-2208269 Summary #6 on 9.12.1 Coverage enhancement for NR NTN, RAN1#110
[6] [bookmark: _Ref22248]ITU resolution 212 (Rev. WRC-19)
[7] R1-2301134	Discussion on communication via satellite to unmodified UEs	Vodafone


4

image1.png
Frequency band: 2160MHz-2200MHz for LEO

with PFD limitation
—-=-=without PFD fimitation for Set-1
—-== without PFD limitation for Set-2

20

30

0 s e 0 80 90
elevation angle(degree)




