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	Purpose/Objective:  The purpose of this contribution is to provide preliminary analysis of potential interference from SRS stations on the lunar surface, and SRS systems in lunar orbit communicating with systems on the lunar surface, to DC-MSS-IMT in the 2 500 – 2 60 MHz band overlapped by WRC-27 Agenda Items 1.15 and 1.13.


	Abstract:  There is frequency overlap in the 2 500 – 2 690 MHz frequency range considered by WRC-27 Agenda Item 1.15 for SRS stations on the lunar surface, and SRS systems in lunar orbit communicating with systems on the lunar surface, in accordance with Resolution 680 (WRC-23), and also considered by WRC-27 Agenda item 1.13 for MSS direct connectivity between space stations and IMT user equipment in accordance with Resolution 253 (WRC-23).  This contribution will provide an assessment of the potential impact to DC-MSS-IMT operations under WRC-27 AI 1.13 from lunar SRS operations under WRC-27 AI 1.15, in accordance with the reply liaison statement from WP 4C in Doc 7B/153.
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Introduction
The 2 500 – 2 690 MHz frequency range is being considered for a possible new allocation for SRS stations on the lunar surface, and SRS systems in lunar orbit communicating with systems on the lunar surface, under WRC-27 agenda item in accordance with Resolution 680 (WRC-23).  This same frequency range is also being considered by WRC-27 Agenda item 1.13 for MSS direct connectivity between space stations and IMT user equipment in accordance with Resolution 253 (WRC-23).  
This study provides calculations to determine the impact, if any, to DC-MSS-IMT uplinks under WRC-27 AI 1.13 from lunar SRS operations under WRC-27 AI 1.15, using guidance from the WP 4C reply liaison statement in Doc 7B/153.  Analysis of the effect to lunar SRS operations from non-GSO DC-MSS-IMT downlinks has been considered separately in Doc 4C/150.  






Attachment:	1


ATTACHMENT
1	Studies between direct connectivity mobile satellite service (DC-MSS) and lunar SRS operating in the frequency band 2 500-2 690 MHz

The 2 500 – 2 690 MHz frequency range is being considered for a possible new allocation for SRS stations on the lunar surface, and SRS systems in lunar orbit communicating with systems on the lunar surface, under WRC-27 agenda item in accordance with Resolution 680 (WRC-23).  Under WRC-27 agenda item 1.13, the band 2 500‑2 570 MHz is being considered for DC-MSS uplinks (from IMT UEs) and the band 2 620‑2 690 MHz is being considered for DC-MSS downlinks (to IMT UEs). 
This study will examine the impact of SRS systems on the lunar surface being studied under AI 1.15 to non-GSO DC-MSS uplinks being studied under AI 1.13.  
1.1 	SRS Technical and operational characteristics
The technical and operational characteristics of SRS systems operating on the lunar surface are provided in the Draft New Report ITU-R SA.[LUNAR.SRS STATIONS CHAR], and the relevant parameters used in this study are summarized in Table 1 below.
Table 1
Technical characteristics of the lunar SRS system (surface-to-surface)
	Station
	Lunar Surface-to-Surface Transmitter

	Frequency range
	2 500 – 2 690 MHz

	Polarization
	Linear ±45º

	Tx Antenna Peak Gain
	16 dBi

	EIRP Density
	19 dB(W/MHz)

	Max. EIRP 
	29 dBW

	Channel BW 
	10 MHz

	Deployment characteristics

Coverage area

Deployment density

Activity factor (average)
	
Wide area
(10 km radius)

1-3 LCTs and 1-6 EVAs per cell

20%, 50%



1.2 	DC-MSS technical and operational characteristics
The technical and operational characteristics of DC-MSS systems are provided in Annex 7 to the WP 4C Chair’s Report (Document 4C/356).  TFor this analysis, the relevant parameters for the DC-MSS receiver uplink are derived from System 7 in Annex 7 – Part 1 of 4C/356used in this calculation are and are summarized in Table 2 below.
Table 2
Technical characteristics of the DC-MSS NGSO Uplink (Earth-to-space)
	
	System 7 (Annex 7 – Part 1 of 4C/356) 

	Parameter
	User Terminal (IMT User Equipment)
NGSO (MSS space station receiver
(NGSO)) System 7

	Frequency range
	2 500 – 2 690
2 500 – 2 5702 500 – 2 690

	Orbit
	40 000 km altitude (HEO)

	Rx Antenna gain
	-3 dBi
47.5 dBi
(12-m antenna)

	Antenna pattern 
	ND
Rec. ITU-R S.1528
Ln = -20 dB

	System Noise Temperature 
	2303.6 K
600 K

	Receiver IF bBandwidth
	5 MHz

	Minimum Elevation (User Terminal to MSS space station)
	35 deg

	Protection Criterion
	-6 dB I/N to -12.2 dB I/N



1.3	Propagation model
This study assumes the free space propagation model in Recommendation ITU-R P.525, per the Working Party 3J/3M guidance in Document 4C/92.

1.4	Methodology
The methodology employed in this study is based on a static analysis of worst-case interference. It evaluates whether, even under conditions of perfect antenna coupling between the systems, the interference level for the DC-MSS space station receiver from the lunar surface transmitter using in the worst case geometry, and in the absence of antenna pointing errors and losses such as depolarization and clutter, the interference levels comply with the established ITU-R service protection criteria..
1.5 	Study results
For the worst-case analysis, the following assumptions were considered:

· System 7The MSS space station is in HEO orbit with 40,000 km maximum altitude.  The minimum elevation angle from the User Terminal on the Earth’s surface to the MSS space station is 35 degrees.
· Due to the relatively high gain of the DC-MSS space station, the worst case interference geometry does not necessarily occur when the DC-MSS space station is closest to the Moon.  Rather it is when the DC-MSS antenna is pointed closest to the Moon as shown Figure 1.  The smallest off-boresight angle for the DC-MSS antenna to the Moon is 1.435 degrees

FIGURE 1
SRS–MSS Scenario (worst case interference geometry)
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FIGURE 1.  SRS–MSS Scenario (worst case interference geometry)

· In the present study, it is assumed that both systems operate at the same central frequency. A bandwidth correction factor (CF) is applied when the bandwidth of the potential interferer exceeds the bandwidth of the victim receiver under analysis. If the bandwidth of the interferer is equal to or smaller than that of the victim receiver, the bandwidth correction factor is 0

· The interference-to-noise ratio (I/N) is calculated considering Lunar SRS transmitter pointing towards the DC-MSS victim receiver using the following equation:  

where n is the number of lunar surface transmitters; is the equivalent isotropic radiated power of each lunar transmitter; FSPL is the free space path loss calculated using Rec. ITU-R P.525; is the DC-MSS victim receiver maximum antenna gain; and  is the thermal noise power in the DC-MSS victim receiver bandwidth
· The receiver thermal noise power is calculated from the receiver noise figure (NF)system noise temperature using the formula provided in Recommendation ITU-R P.372-17
· The single I/N result is compared to the DC-MSS protection criteria to verify whether the DC-MSS service protection is met


1.5 	Summary and analysis of the results

The results of the analysiscalculation of interference from the lunar surface SRS transmitter to the HEO DC-MSS uplink receiver is providedsummarized in Table 23, using the geometry shown in Figure 1.  The worst case MSS receiver I/N calculated for a single lunar surface interferer is -25.4 dB.  .Note that normally the lunar surface antenna will be pointed towards another lunar surface asset so the antenna gain towards Earth will be considerably less than what was assumed in the calculation.  
Based on the lunar surface deployment characteristics described in Doc 7/26 and assuming that half of the lunar surface transmitters are visible to Earth, potentially up to 8 lunar surface transmitters (5 clusters visible to Earth x 3 base stations per cluster x 50% activity factor) could be active at any particular time.  Again making a worst case assumption that all the lunar surface transmit antennas are pointed in the direction the DC-MSS space station, the aggregate DC-MSS receiver I/N is -16.3 dB.  
These static interference calculation results suggest that WRC-27 AI 1.13 can be treated independently from AI 1.15 with regards to any potential impact of lunar surface SRS operations to DC-MSS space station receivers in the 2 500 – 2 690 MHz band overlapped by the two agenda items.

TABLE 3
SRS – DC-MSS space station (uplink) interference calculation
	Category
	Item
	Unit
	Scenario 1

	Direction
	From
	
	Lunar surface transmitter

	
	To
	
	DC-MSS space station 
(System 7 HEO 40 000 km)

	Band
	Frequency
	MHz
	2535

	
	Bandwidth
	MHz
	5

	Lunar Surface Transmitter
	EIRP
	dBW
	29

	
	Channel BW
	MHz
	10

	
	EIRP density
	dB(W/MHz)
	19

	DC-MSS space station 
	Max antenna gain
	dBi
	47.5

	
	Antenna gain towards lunar transmitter
	dBi
	27.5

	
	Noise temperature
	K
	600

	
	Channel BW
	MHz
	5

	
	Noise Power
	dBW
	-133.8

	Propagation
	Distance
	km
	407 360

	
	Free space loss
	dB
	212.7

	Results
	Interference Power
	dBW
	-159.2

	
	I/N
	dB
	-25.4




TABLE 42
.  Summary of SRS – DC-MSS space station (co-channel uplink) interference results (WRC-27 AI 1.13 and 1.15 overlap)
	SRS Station
	SRS center frequency
	DC-MSS space station 
	Analysis
	I/N result

	Lunar Surface Transmitter
	2595 2535 MHz
	HEO orbit
(40,000 km)
	Single Entry
(worst case geoemetry)
	-25.46 dB

	
	
	
	Aggregate
(8 active transmitters)
	-16.3 dB
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