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1	Introduction
…
2	Technical and operational aspects
2.1	ITU-R Relevant materials
…
2.2	Technical and operational characteristics
	WP 5D/
	Source
	Services/Applications/Models

	77 (Annex 4.8)
	WP 5D
	International Mobile Telecommunications (IMT)

	TBD
	WP 4C
	DC-MSS-IMT


Note: Working Party 4C is expected to provide the DC-MSS-IMT technical and operational parameters to WP 5D by its next meeting in October 2025. Studies should be updated to reflect this DC-MSS-IMT information. 
2.3 	IMT bands to be protected
[All IMT bands to be considered for sharing studies to be protected from DC-MSS-IMT]
3	Potential interference scenarios
[Doc 5D/520 (J)]
The interference scenarios applicable to WRC-27 agenda item 1.13 shown in the table below.
TABLE 1
Interference scenarios between DC-MSS and terrestrial components of IMT
	Scenario
	From
	To

	A1
	Terrestrial IMT base station or mobile station
	DC-MSS-IMT space station

	A2
	Terrestrial IMT base station or mobile station
	DC-MSS-IMT user equipment

	B1
	DC-MSS-IMT user equipment
	Terrestrial IMT base station or user equipment

	B2
	DC-MSS-IMT space station
	Terrestrial IMT user equipment or base station



FIGURE 1
Concept of interference scenarios for WRC-27 agenda item 1.13
[image: A diagram of a satellite
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Figure 1 describes four scenarios, which are categorized as A1, A2, B1 and B2. The first two scenarios consider interference to the satellite system from the terrestrial system. Scenario A1 investigates the uplink interference issue from UE and BS to the satellite, and Scenario A2 investigates the downlink interference issue from terrestrial BS to satellite UE. Scenarios B1 and B2 consider interference to the terrestrial system from the satellite system. Scenario B1 investigates the uplink interference issue from satellite UE to terrestrial BS or UE, and Scenario B2 investigates the downlink interference issue from the satellite to terrestrial UE or BS.
Studies in WP 5D for WRC-27 agenda item 1.13, it is considered that scenarios for sharing between terrestrial component of IMT and DC-MSS-IMT using the same frequency bands are as follows:
A1)	Since DC-MSS-IMT stations do not cause harmful interference to, or claim protection from, stations operating in the mobile service, so no study is needed.
A2)	Since DC-MSS-IMT stations do not cause harmful interference to, or claim protection from, stations operating in the mobile service, so no study is needed.
B1)	UEs used for DC-MSS-IMT and UEs used for terrestrial IMT are identical, so no study is needed since the interference situation is the same as that between existing terrestrial IMT networks in neighbouring countries.
In scenario B2, there are two patterns depending on whether the frequency arrangement (FDD) of the terrestrial IMT in the neighbouring country is the same as the DC-MSS-IMT.
B2-1)	Study is needed to protect UE receivers in neighbouring countries 
(The case that satellite transmission frequency of DC-MSS overlaps with the base station transmission frequency of the terrestrial IMT frequency arrangement in the neighbouring country.)
B2-2)	Study is needed to protect BS receivers in neighbouring countries
(The case that satellite transmission frequency of DC-MSS-IMT overlaps with the user equipment frequency of the terrestrial IMT frequency arrangement in the neighbouring country.)
As mentioned above, it is clear that B2-1) and B2-2) should be considered in the sharing study between terrestrial component of IMT and DC-MSS-IMT.
[bookmark: _Hlk201909188]4	Methodologies to determine protection threshold for terrestrial IMT networks
[Editor’s Note: Several proposed methodologies are presented in this section. Further discussions are needed to reduce/consolidate these methods.]
[Annex 4.15 to WP 5D Chair’s Report]
4.1 	Possible Approaches 
Note: Any action relating to implementation of further resolves of the Resolution 253 (WRC-23) is pending until the time that necessary information on the functionality of DC-MSS-IMT is formally provided by WP 4C. That also requires to have clear indication of modelling and potential interference management techniques of DC-MSS-IMT systems that will be provided by WP4C.
There are multiple options to define the pfd limit which need further consideration:
[bookmark: _Hlk202287318][1)	Pfd per satellite
Editor’s note: Concerns were raised by a number of administrations regarding the applicability of PFD per satellite to define the possible measures for protection of terrestrial IMT systems. However, there was no agreement on the deletion of this option. Therefore, it will be retained in square brackets until information on the technical characteristics of DC-MSS-IMT systems/networks will be provided by WP 4C.
Defining pfd per satellite requires to assess the aggregation factor, based on typical MSS/D2D deployment. [It has to be noted that for MSS/D2D, a given area can only be covered by one spot in a given block of spectrum, thus making easier to assess the aggregation factor in particular for high arrival angles.]
Defining pfd per satellite will make easier for the BR and the administrations to check/control the conformity. In addition, it avoids having to make assumptions on the number of systems which could be actively transmitting in visibility of the border (i.e. avoiding to assume the aggregation factor over different systems).
However, Tthe pfd per satellite limits is not suitable for the DC-MSS-IMT system application requirement related to the MSS/D2DDC-MSS-IMT satellite station unwanted emissions need further consideration.]
2a)	Aggregate pfd per system 
From a technical point of view, potential BS and UE victims can potentially receive interference from multiple satellites within one DC-MSS-IMT system. Consequently, starting from an agreed IMT protection criterion, it is possible to define an aggregate pfd mask that each potential DC-MSS-IMT system will have to respect. The aggregate pfd level is then correlated to the way that the considered DC-MSS-IMT systems are operated. Consequently, when conducting sharing studies, it is essential to take into account accurate modelling of DC-MSS-IMT operations, as well as studying options of potential interference management techniques (pending conclusions of the sharing studies) that may be used in operations. Finally, with respect to the way to model aggregate pfd, in the case of the UEs, the pfd equation is equivalent to the linearly adding pfd contributions, i.e. aggregate pfd. With respect to the BS, the equation would be equivalent to the epfd formula used in Article 22.5C.1.


3a)	Aggregate pfd for multiple systems when protecting UEs
UE victims can potentially receive interference from multiple DC-MSS-IMT systems operating in the same frequency bands. An aggregate mask could then take into account the presence of multiple systems and apportion accordingly.
3b)	AEpfd per system and aggregate epfd for multiple systems when protecting base stations
Epfd was used in RR to protect GSO satellite systems and Radio Astronomy receivers from the aggregate interference due to non-GSO satellite constellations when victims have directional antennas. The idea of the epfd builds on the concept of pfd and considers the aggregate interference due to all contributing transmitting stations within a satellite constellation (epfd is a limit per constellation).
Aggregate epfd could be used to protect IMT base stations in case of potential aggregate interference from multiple D2DDC-MSS-IMT systems.
Epfd and aggregate epfd are metrics to protect IMT from satellite networks considering the aggregate interference from various satellites within a satellite system/constellation and potential aggregate interference from multiple DC-MSS-IMT systems.
These limits are defined only based on IMT protection criteria and IMT characteristics and different DC-MSS-IMT systems need to make sure the limits are met however their systems are or whatever interference mitigation techniques they use.
Further notes:
Views expressed about the potential aggregate interference from multiple DC-MSS-IMT systems:
–	It has to be validated in terms of its applicability and likelihood. Working Party 5D welcomes studies at upcoming meetings.
–	Is not of global nature depending on the BS location and orbital parameters of the constellation, the number of visible satellites contributing to the interference will vary, and also potentially corresponds to niche cases, e.g. small landlocked countries.
4.1.1 	Issue of limits compliance verification
Currently, there are two options with respect to ensuring compliance with applicable aggregate limits:
· No ITU verification methodology is needed in order to verify compliance of a system with aggregate limits. Administrations who submit the envisaged new DC-MSS-IMT filings will commit to respect the limits and that will suffice
· A methodology is needed
4.2	Factors impacting the aggregate interference from DC-MSS-IMT to terrestrial IMT
[Editor’s note: The content of this section will be provided by the Offline on the Aggregation factor]
4.2.1	Aggregate interference from multiple satellites of one DC-MSS-IMT system
4.2.2	Aggregate interference from multiple DC-MSS-IMT systems
See Annex 2 for studies
4.2 3 	Compilations of sharing and compatibility studies between terrestrial IMT and DC-MSS-IMT
See Annex 1, 2, X, Y…  for studies
Annex 1- Document 5D/550
Annex 2- Document 5D/533
Annex 3- Document 5D/483
Annex 4- Document 5D/525
Annex 5- Document 5D/543
Annex 6- Document 5D/477
5	Regulatory limits for the frequency bands within the range 694-2700 MHz
5.1	Below 1 GHz
5.2	1.5 GHz
5.3	Above 2 GHz
6	Regulatory measures considerations
[Editor’s Note: Feasibility analyses of technical and operational measures to ensure protection of IMT and additional regulatory considerations could be included in this section.]
7	Summary of Results
…
TBD



ANNEX 1
Calculation of limits for protection of terrestrial IMT
Study A (Doc. 5D/550 (Nokia))
Document 5D/322 has proposed a methodology to calculate the maximum pfd levels on the ground to protect IMT receivers, based on the following equation in dB (W/(m2 · MHz)):
			(1)
where:
	k: 	Boltzmann’s constant ()
	: 	receiver noise temperature in K
	B: 	reference bandwidth (1 MHz)
	NF:	receiver noise figure in dB
	I/N:	protection criteria in dB
	: 	antenna gain in dBi of the receiver antenna in the direction of the interferer
	: 	the elevation angle
	:	Losses.
The resulting PFD from the above equation is dependent on the angle of the IMT receiver gain . This implies that the equation produces the maximum aggregate PFD for the protection of IMT receivers from all possible interfering sources at a specific angle θ.
Suitability considerations of Equation 1 for the protection of IMT BS
IMT BS have directional non-AAS or AAS antennas. Therefore, if this angle dependent equation is considered as the basis of the methodology to derive the maximum aggregate pfd limits to protect IMT uplinks (i.e. IMT BSs), the derived result will be the maximum aggregate pfd limit from all possible interfering sources at a specific angle θ. When more than one non-GSO satellite of one or more satellite constellations are visible from different angles at an IMT BS, this equation produces the maximum aggregate pfd limits at each of those different visible angles. As it is shown in the analysis below, the presence of two or more satellites visible from different angles at the IMT BS, may result in exceeding the maximum aggregate pfd limits produced by Equation 1 at each angle θ, pfd(θ), even if individually, each satellite complies with the respective pfd(θ) limits of Equation 1 at their visible angles to the IMT BS.
To further demonstrate the issue, we assume that two satellites are visible by the IMT BS at two different angles θ1 and θ2 and we use Equation 1 to derive the maximum aggregate pfd limits at each of those θ1 and θ2 angles. These resulting maximum aggregate pfd limits at each angle are pfd(θ1) and pfd(θ2) as seen in Figure 1. 
Figure A1-1
pfd limits and pfd levels for two satellites at visible angles θ1 and θ2 at the IMT BS
[image: A diagram of a satellite
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The individual pfd levels caused by Satellite A and Satellite B at the visible angles θ1 and θ2 at the IMT BS receiver are pfd(θ1) = a and pfd(θ2) = b. 
For simplicity, assuming that the individual pfd levels caused by each satellite are equal to the maximum aggregate pfd limit at each visible angle at the IMT BS, we have that:
		pfd(θ1) = a = PFD(θ1) = X
and
		pfd(θ2) = b = PFD(θ2) = Y
While the above pfd levels at each angle θ are compliant with the maximum aggregate pfd limits at each respective angle, the effect of their aggregate emissions generates total aggregate pfd levels which are higher than each of the maximum aggregate pfd limits at each angle.
This is further demonstrated in the equations below: 





As it can be seen from the above, although the emissions of each satellite are compliant with the maximum aggregate pfd limits visible at each angle θ1 and θ2 at the IMT BS, their total aggregate effect causes higher pfd levels than the maximum aggregate pfd limits at each specific angle, risking interference at the IMT BS receiver.
Suitability considerations of Equation 1 for the protection of IMT UEs
In contrast to the IMT BSs, IMT UEs are expected to be assumed to have an omnidirectional antenna pattern. In such cases where  refers to the gain of an omnidirectional pattern, the consideration of angle θ becomes obsolete since the IMT UE receiver gain could be considered the same in all directions. In such case, the Equation 1 takes the format shown below:
			(2)
where:
	: 	omnidirectional antenna gain in dBi of the IMT UE.
The resulting pfd limit would be independent of the angle of arrival at the IMT UE and it would be a single value representing the maximum aggregate pfd limit from all possible sources from all visible angles.
A recreation of the scenario of Figure 1, but now for the case of protecting the IMT UE, is demonstrated in Figure 2.
Figure A1-2
pfd limit and pfd levels for two satellites at visible angles θ1 and θ2 at the IMT UE
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In the case of using the above Equation 2 as a methodology to derive a pfd limit to protect IMT UEs, the technical regulatory requirement for the maximum aggregate pfd limit produced by Equation 2 would be that:

and the resulting pfd levels from all possible interfering sources from all visible angles would be compliant with both the pfd regulatory limit and the total maximum aggregate pfd level that can be handled at the IMT UE.
Conclusion - Proposal
From the above analysis it can be seen that the angle dependent pfd(θ) equation, in combination with the fact that IMT BSs have directional antenna patterns, as well as with the fact that the effect of aggregate emissions from multiple satellites of one or more satellite constellations needs to be considered, render Equation 1, in the format presented in Document 5D/322, not to be a suitable methodology to derive confident pfd limits for the protection of IMT uplinks (i.e. IMT BS). Therefore, we invite the group to consider the above analysis in the discussions for defining a methodology suitable for deriving the maximum aggregate pfd limit to protect IMT BS from all possible interfering sources from all possible angles.


Study B (Doc. 5D/533 (Multi MNOs), Doc 5D/775 (Orange))
1	Introduction
WRC-27 agenda item 1.13 deals with direct connectivity between space stations and International Mobile Telecommunications (IMT) user equipment to complement terrestrial IMT network coverage using the IMT frequency bands between 694/698 MHz and 2.7 GHz.
This document discusses the protection of the terrestrial IMT networks from potential interferences from DC-MSS-IMT satellite stations.
2	Protection of Terrestrial IMT Networks
2.1	Frequency bands consideration
It is assumed DC-MSS-IMT will be operated in FDD bands. Terrestrial IMT networks operating in both TDD and FDD frequency bands need to be protected.
It is proposed to group the frequency bands into three frequency ranges in the calculation of pfd limits for the protection of the terrestrial IMT networks:
1)	Band Group_1: 694/698 MHz ~ 1 GHz.
2)	Band Group_2: 1 ~ 2.2 GHz.
3)	Band Group_3: 2.2 ~ 2.7 GHz.
For all of the three Band Groups, both non-AAS and AAS BS antennas should be considered.
2.2	Protection of terrestrial IMT networks
The protection of the terrestrial IMT networks need to take into account all interfering sources. There are many satellite stations per satellite system, and there are also multiple satellite systems using IMT frequency bands. 
The aggregation effects of interferences from multiple satellites per system and the interference apportionment between multiple DC-MSS-IMT systems need to be taken into account in the study of protection of the terrestrial IMT networks.
2.2.1	Relation between pfd value and victim receiver parameters
The pfd value in dB(W/(m² · MHz)) can be calculated with the receiver characteristics of the IMT base station and IMT UE using the equation (1) below: 
			(1)
where:
	k: 	Boltzmann’s constant (-228.6 dB(W/(K  Hz)))
	: 	receiver noise temperature (300 K)
	B: 	reference bandwidth (1 MHz)
	NF:	receiver noise figure in dB
	I/N:	protection criteria in dB
	: 	effective antenna gain in dBi of the receiver antenna in the direction of the interfering satellite
	: 	the elevation angle direction towards the satellite
	:	receiver antenna feeder loss.
2.2.2	Protection of terrestrial IMT network downlink
As illustrated in Figure 1, an UE antenna is modelled as omni-directional, all of the interferences from multiple satellites above the horizontal plan are received by the UE. Some may come from the satellite station main-beams, some others from satellite stations side-lobes.
If the interference from a satellite k is denoted as Ik, the total interference I_system from a DC-MSS-IMT system at the UE is
		 I_system  	(2)
where n is the total number of satellites seen by an UE from a given DC-MSS-IMT system using IMT frequency band.
FIGURE A1-3
Illustration of multiple interferences from multiple satellites to an UE

[image: Une image contenant capture d’écran, cercle, dessin humoristique]








As shown in Figure 1, for an omni-directional antenna,  gain G(q) is not elevation angle dependant. If I_system  /N is used in the equation (1), the calculated pfd value is aggregated pfd value. If Ik /N is used in the equation (1), the calculated pfd value is a single entry pfd value. Without a detail knowledge on number of satellites nor the satellites space distribution, a simple solution is to calculate the total interference level with an assumed aggregation factor a, where Ik is the kth interferer in dB,  b is the apportionment factor for DC-MSS-IMT multiple systems. 
		I_total  = I_system + b =Ik + a+b	(3)
IMT UE parameters and calculated pfd values for protecting IMT downlinks are given in Table 3.


TABLE A1-1
IMT UE parameters and calculated pfd values for the protection of the IMT network downlink 
	MSS IMT Frequency range
	694/698- 1 GHz
	1 ~ 2.2 GHz
	2.2 ~ 2.7 GHz
	

	UE antenna gain (dBi)
	0 dBi
	0 dBi
	0 dBi

	

	Body loss (dB):
	0 dB
	0 dB
	0 dB
	

	Noise figure (dB)
	9
	9
	9
	ITU-R M.2039, M.2292
Many UEs have typical Noise figure of 7 dB
9 dB is used in the pfd calculation

	I/N (dB)
	‒6
	‒6
	‒6
	ITU-R M.2039, M.2292

	Multi-beam/satellite aggregation. factor a (dB)
	[tbd]
	[11.6]
	[tbd]
	The simulation method and results are described in Annex 1

	Multi-system apportionment factor b (dB)
	b =10 log (2)=3 dB
	b =10 log (2) = 3 dB
	b =10 log (2)=3 dB
	This proposed factor would be applicable at the border area with three neighbouring countries.
This factor will be updated following the outcome of ITU‑R WP 5D discussions

	Frequency (MHz) for calculating pfd value
	738
	1475
	2620
	Lowest DL frequency from each band group

	Aggregated pfd dB(W/(m² · MHz))
	−125
	−119
	−114
	With b = 3 dB

	Single entry pfd with a dB(W/(m² · MHz))
	−125 - a
	[−130.6]
	−114-a
	With b = 3 dB



2.2.3	Protection of terrestrial IMT network uplink
As illustrated in Figure 2, a BS antenna (non-AAS and/or AAS) has a directional antenna pattern, the BS antenna gain G(q) is function of the elevation angle. The interference contributions from different satellites at different elevation angles are not the same, it is elevation angle dependent, and in consequence BS antenna gain dependent. The equation (1) can not be used directly to calculate the UL pfd levels, since the uplink protection criterion I_total/N=−6 dB (or −10 dB) where I_total is the total interference received by the BS from all angles. 
FIGURE A1-4
Illustration of multiple interferences from multiple satellites to a BS
[image: A drawing of a rectangular object with lines and points
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The interference from DC-MSS-IMT satellite stations to the terrestrial IMT network uplink can happen at three situations: 
1)	Co-frequency interference in case of the band plan incompatibility between regions, some regional band plan uplink is within the downlink block of another region.
2)	Adjacent band case due to out of band emissions from satellite stations.
3)	Inter-band case related to the unwanted emissions from satellite stations.
IMT networks are deployed with typical antenna downtilts of 0°, ‒3°, ‒6°, ‒10°.  Annex 2 provides the distribution of a French Mobile network BS donwtilts over an area of 20 km from the north-east borderline. It shows that downtilts >=-3° represent 60% to 80% depending on the frequency band, downtilts <=0° and >-3° represent 20% to 40% depending on the frequency band.
In order to cover all of the cases, in the calculation/simulation of the pfd values for IMT network uplink protection, 0° downtilt should be considered for the most adequate protection levels.  
There are two possible solutions on IMT TN uplink protection:
1)	Epfd
	Or 
2)	UL Pfd mask by considering the aggregation of interferences from multiple satellites within each elevation angle class under the condition that the I_total/N=−6 dB (or −10 dB) where I_total is the total interference received by the BS from all angles. 
IMT uplink parameters for simulating pfd mask on IMT network uplink protection are summarized in Table 4. It should be pointed out that all of the IMT base stations deployed in the field have noise figure < 3 dB.


TABLE A1-2
IMT uplink parameters for simulaing pfd values for the protection of the IMT network uplink 
	MSS IMT Frequency range
	694/698 ~ 1 GHz
	1 ~ 2.2 GHz
	2.2 ~ 2.7 GHz
	

	Uplink frequency (MHz) for calculating pfd value
	703
	1710
	2500
	

	BS antenna type
	Non-AAS
ITU-R F.1336 (recommends 3.1 & 3.2) with ka = 0.7, kp = 0.7, kh = 0.7, and kv = 0.3
	Non-AAS
ITU-R F.1336 (recommends 3.1 & 3.2) with ka = 0.7, kp = 0.7, kh = 0.7, and kv = 0.3
	Non-AAS
ITU-R F.1336 (recommends 3.1 & 3.2) with ka = 0.7, kp = 0.7, kh = 0.7, and kv = 0.3
	

	IMT BS non-AAS maximum antenna gain (dBi)
	15
	18
	18
	ITU-R M.2039, ITU-R M.2292

	BS non-AAS antenna feeder loss (dB)
	1
	1
	1
	For RRH (Remote Radio Head)

	BS AAS antenna
	Element gain: 6.4 dB
Element beam width:
90º for H
65º for V
config: 4x8
sub-array, Msub =3
dv,sub=0.7l
dh,sub=0.5l
	Element gain: 6.4 dB
Element beam width:
90º for H
65º for V
config: 4x8
sub-array, Msub =3
dv,sub=0.7l
dh,sub=0.5l
	Element gain: 6.4 dB
Element beam width:
90º for H
65º for V
config: 4x8
sub-array, Msub =3
dv,sub=0.7l
dh,sub=0.5l
	Table 9 of Annex 4.4 to the WP 5D Chair's Report Doc. 5D/716

	IMT BS noise figure (dB)
	3
	3
	3
	IMT BS in the field has typical noise figure < 3 dB

	I/N (dB)
	‒6  [‒10]
	‒6  [‒10]
	‒6  [‒10]
	The UL protection threshold will be further revised based on the out of 5D IMT protection threshold


3	Summary and way-forward
This document discusses the terrestrial IMT network downlink and uplink protection from potential interferences due to DC-MSS-IMT satellite stations operating in IMT frequency bands.
It is proposed to consider three band groups in the definition of pfd limits for the protection of terrestrial IMT networks:
1)	Band Group_1: 694/698 MHz ~ 1 GHz.
2)	Band Group_2: 1 ~ 2.2 GHz.
3)	Band Group_3: 2.2 ~ 2.7 GHz.
Based on the principle that the protection of the terrestrial IMT networks need to take into account all interfering sources, single entry pfd or aggregated pfd can be defined for protecting the terrestrial IMT networks downlink.  
The calculated aggregated pfd limits for protecting the terrestrial IMT network downlink are summarised in Table 3 above. In order to define the single entry DL pfd, the interference aggregation factor was simulated for the frequency band 1800 MHz with the very preliminary assumptions, the preliminary simulation result for the 1800 MHz band is a= 11.6 dB at 99% of probability. The interference aggregation factor simulation will be updated with the progress on the discussions on the assumptions for DC-MSS-IMT satellite stations such as number of satellites per constellation, altitude of satellite stations, satellite antenna patterns, etc. 
There are two possible solutions on the IMT TN uplink protection:
1)	Epfd
	Or 
2)	UL pfd mask by considering the aggregation of interferences from multiple satellites within each elevation angle class under the condition that the I_total/N= ‒6 dB (or ‒10 dB) where I_total is the total interference received by the BS from all angles. 

Terrestrial IMT network BS antenna downtilt
The distribution of a French IMT network in the north-east country border area over 20 km from the borderline is given in Figure A2-1, it shows that downtilts >=-3° represent 60% to 80% depending on the frequency band, downtilts <=0° and >-3° represent 20% to 40% depending on the frequency band.
Figure A1-5
Distribution of IMT TN BS antenna downtilt in France country border Area
[image: ]



Study C (Doc 5D/483(RUS))
When implementing MSS within the frequency bands identified for terrestrial segment of IMT, it is crucial to ensure the protection of IMT stations. This protection is particularly important in cross-border scenarios, where Country A deploys MSS, and Country B uses the same frequency bands solely for terrestrial IMT stations. It also taken into account that the level of interference largely depends on the separation distances between the IMT stations and the coverage area of MSS in adjacent countries.
Figure 1 illustrates a potential scenario, highlighting that the separation distances between IMT stations and MSS can vary depending on the latitude. This variability underscores the need for careful coordination to minimize interference while enabling effective MSS deployment.
Figure A1-6
One of the possible configurations of IMT and MSS when MSS will interfere IMT 
[image: A planet with a grid around it
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Typically, an acceptable threshold for throughput loss in IMT networks is 5%. The following equations approximate the throughput over a channel based on the signal-to-interference-plus-noise ratio (SINR, measured in dB) when employing link adaptation:

where:
	S(SINR)	Shannon bound, S(SINR) =log2(1 + 10SINR/10) (bps/Hz)
		Attenuation factor, representing implementation losses
	SINRMIN	Minimum SINR of the code set, dB
	SINRMAX	Maximum SINR of the code set, dB.
Table A1-3
Parameters describing baseline Link Level performance for 5G NR
	Parameter 
	DL 
	UL 
	Notes 

	α
	0.6
	0.4
	Represents implementation losses

	SINRMIN, dB
	−10
	−10
	Based on QPSK, 1/8 rate (DL) & 1/5 rate (UL)

	SINRMAX, dB
	30
	22
	Based on 256-QAM, 0.93 rate (DL) & 64-QAM, 0.93 rate (UL)



Figure A1-7
Spectral efficiency of UL and DL depending on the SINR levels
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Table A1-4
Downlink spectral efficiency values for each SNR and when 5% throughput losses occur
	SNR (dB)
	SE (bps/Hz)
	SE with 5% reduction (bps/Hz)

	‒10
	0.082502
	0.078377009

	‒9
	0.102641
	0.097509409

	‒8
	0.127347
	0.120979504

	‒7
	0.157479
	0.149604883

	‒6
	0.19398
	0.184280614

	‒5
	0.237845
	0.225953222

	‒4
	0.290085
	0.275580723

	‒3
	0.351662
	0.334079238

	‒2
	0.423431
	0.402259859

	‒1
	0.506066
	0.48076298

	0
	0.6
	0.57

	1
	0.705382
	0.670112882

	2
	0.822063
	0.780959662

	3
	0.949609
	0.902128942

	4
	1.087348
	1.032980329

	5
	1.234424
	1.172702729

	6
	1.389874
	1.320380022

	7
	1.552689
	1.475054193

	8
	1.721872
	1.635778715

	9
	1.896483
	1.801658522

	10
	2.075659
	1.971876023

	11
	2.258637
	2.145704789

	12
	2.444751
	2.322513584

	13
	2.633435
	2.501763611

	14
	2.824212
	2.68300155

	15
	3.016685
	2.865850374

	16
	3.210526
	3.049999408

	17
	3.405468
	3.235194544

	18
	3.601294
	3.421229173

	19
	3.797827
	3.607936102

	20
	3.994927
	3.795180545

	21
	4.192478
	3.982854172

	22
	4.39039
	4.170870121

	23
	4.588588
	4.359158883

	24
	4.787016
	4.547664914

	25
	4.985625
	4.736343887

	26
	5.184379
	4.925160462

	27
	5.383249
	5.11408648

	28
	5.58221
	5.303099523

	29
	5.781244
	5.49218175

	30
	5.980336
	5.681318968


Table A1-5
Downlink spectral efficiency values for each SNR and when 5% throughput losses occur
	SNR (dB)
	SE (bps/Hz)
	SE with 5% reduction (bps/Hz)

	‒10
	0.055001
	0.052251339

	‒9
	0.068428
	0.065006273

	‒8
	0.084898
	0.080653002

	‒7
	0.104986
	0.099736589

	‒6
	0.12932
	0.122853743

	‒5
	0.158564
	0.150635481

	‒4
	0.19339
	0.183720482

	‒3
	0.234442
	0.222719492

	‒2
	0.282288
	0.268173239

	‒1
	0.337378
	0.320508654

	0
	0.4
	0.38

	1
	0.470255
	0.446741921

	2
	0.548042
	0.520639775

	3
	0.633073
	0.601419295

	4
	0.724898
	0.688653553

	5
	0.822949
	0.781801819

	6
	0.926582
	0.880253348

	7
	1.035126
	0.983369462

	8
	1.147915
	1.090519143

	9
	1.264322
	1.201105681

	10
	1.383773
	1.314584015

	11
	1.505758
	1.430469859

	12
	1.629834
	1.548342389

	13
	1.755624
	1.667842408

	14
	1.882808
	1.7886677

	15
	2.011123
	1.910566916

	16
	2.14035
	2.033332939

	17
	2.270312
	2.156796363

	18
	2.400863
	2.280819449

	19
	2.531885
	2.405290735

	20
	2.663285
	2.530120363

	21
	2.794985
	2.655236114

	22
	2.926926
	2.780580081



Knowing the values of spectral efficiency when 5% throughput reduction occurs and using base Shannon expression taking into account implementation losses:

It is possible to derive SINR from that expression. First it is needed to rearrange the formula to isolate :

Convert base-2 logarithm to base-10 logarithm:

So:

Simplify to 

Exponentiate to solve for :

Then, SINR can be calculated using the following expression:

After SINR values that correspond to the 5% throughput losses are calculated, it is possible to calculate I/N for each case of baseline SNR when 5% throughput losses occur using the following expression:

Table A1-6
	Dependence of SNR and I/N for 5% throughput lossSNR (dB)
	DL
I/N for 5% throughput loss (dB)
	UL
I/N for 5% throughput loss (dB)

	‒10
	‒12.58205191
	‒12.58205191

	‒9
	‒12.53234092
	‒12.53234092

	‒8
	‒12.47160011
	‒12.47160011

	‒7
	‒12.39787616
	‒12.39787616

	‒6
	‒12.30909749
	‒12.30909749

	‒5
	‒12.20316949
	‒12.20316949

	‒4
	‒12.07810826
	‒12.07810826

	‒3
	‒11.93220748
	‒11.93220748

	‒2
	‒11.76422289
	‒11.76422289

	‒1
	‒11.57354833
	‒11.57354833

	0
	‒11.36035123
	‒11.36035123

	1
	‒11.12563661
	‒11.12563661

	2
	‒10.87122046
	‒10.87122046

	3
	‒10.5996119
	‒10.5996119

	4
	‒10.31382384
	‒10.31382384

	5
	‒10.01714594
	‒10.01714594

	6
	‒9.71291723
	‒9.71291723

	7
	‒9.40432991
	‒9.40432991

	8
	‒9.094282982
	‒9.094282982

	9
	‒8.785291541
	‒8.785291541

	10
	‒8.479446934
	‒8.479446934

	11
	‒8.17841717
	‒8.17841717

	12
	‒7.883475126
	‒7.883475126

	13
	‒7.595543031
	‒7.595543031

	14
	‒7.315244103
	‒7.315244103

	15
	‒7.042954889
	‒7.042954889

	16
	‒6.778854261
	‒6.778854261

	17
	‒6.522966945
	‒6.522966945

	18
	‒6.275200709
	‒6.275200709

	19
	‒6.035377251
	‒6.035377251

	20
	‒5.803257224
	‒5.803257224

	21
	‒5.578560131
	‒5.578560131

	22
	‒5.360979847
	‒5.360979847

	23
	‒5.150196527
	-

	24
	‒4.945885576
	-

	25
	‒4.747724264
	-

	26
	‒4.555396504
	-

	27
	‒4.368596178
	-

	28
	‒4.187029354
	-

	29
	‒4.010415661
	-

	30
	‒3.838489027
	-



To protect IMT user equipment and base stations pfd limits may be used and knowing I/N values that are linked to the 5% throughput loss of DL and UL it is possible to derive necessary pfd limits by:

Alternatively, the 5% throughput losses may be linked to the epfd limits.


Determining epfd/pfd limits for the frequency bands within the range 694-2700 MHz
To determine the appropriate level of I/N for pfd calculations, it is necessary to simulate the SINR of IMT DL and UL channels for each frequency band. This involves considering deployment-related IMT parameters and analyzing the average SINR. The corresponding I/N value for the calculated SINR will then be used to establish pfd limits for each frequency band.
This contribution provides a simulation example for the 2–3 GHz frequency band. In this scenario, IMT DL and UL channels are subject to interference from non-GSO in a rural deployment case, which represents the worst-case scenario. For urban and suburban deployments, the likelihood of interference is significantly lower due to clutter shielding and the fact that a large portion of user UEs (up to 70%) will be indoors. Consequently, the rural case, where less Ues are indoors, and no clutter shielding has been simulated.
TABLE A1-7
BS parameters for bands between 2 and 3 GHz
	
	Rural macro

	Cell radius / Deployment density (for bands between 2 and 3 GHz) 
	4 km

	Antenna height 
	30 m

	
Sectorization
	3 sectors

	Typical channel bandwidth
	10 or 20 MHz

	Element gain (dBi)
	6.4

	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
65º for V

	Horizontal/vertical front‑to‑back ratio (dB)
	30 for both H/V

	Antenna polarization 
	Linear ±45º

	Antenna array configuration (Row × Column)
	4 × 8 elements

	Horizontal/Vertical radiating element/sub-array spacing, dh /dv
	0.5 of wavelength for H, 2.1 of wavelength for V

	Number of element rows in sub-array, Msub
	3

	Vertical radiating element spacing in sub-array, dv,sub
	0.7 of wavelength of V

	Pre-set sub-array down-tilt, θsubtilt (degrees)
	3

	Array Ohmic loss (dB)
	2

	Conducted power (before Ohmic loss) per antenna element/sub-array (dBm)
	28

	Base station horizontal coverage range (degrees)
	±60

	Base station vertical coverage range (degrees)
	90-100

	Mechanical downtilt (degrees)
	3

	Maximum base station output power/sector (e.i.r.p.) (dBm)
	72.28



TABLE A1-8
UE parameters for bands between 2 and 3 GHz
	
	Rural macro

	User terminal characteristics
	

	User equipment density for terminals that are transmitting simultaneously (Note 1)
	3 Ues per sector

	UE height (Note 2)
	1.5 m

	Average user terminal output power
	Use transmit power control

	Typical antenna gain for user terminals
	−3 dBi

	Body loss
	4 dB

	UE TDD activity factor
	25%

	Transmit power control
	

	Power control model
	Refer to Recommendation ITU-R M.2101 Annex 1, section 4.1

	Maximum user terminal output power, PCMAX
	23 dBm

	Power (dBm) target value per RB, P0_PUSCH (Note 3)
	−92.2

	Path loss compensation factor, 
(same as “balancing factor” mentioned in Rec. ITU-R M.2101)
	0.8



Figure A1-8
SINR CDF and PDF for DL in 2-3 GHz
[image: A graph with a red line

Description automatically generated] [image: A graph of a function

Description automatically generated]
Figure A1-9
SINR CDF and PDF for UL in 2-3 GHz
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The results indicate that for LoS conditions with Rural deployment in 2-3 GHz, the average SINR for DL is 26 dB whereas for the UL is 18 dB. 
Based on the above, it is possible to derive the average epfd/pfd limits to protect IMT BS and UE in the frequency bands within the range 694-2 690 MHz, knowing that based on the Table 4 I/N values for the downlink case the average I/N = ‒4.55 dB and for the uplink case the average I/N would be I/N = ‒6.2 dB.
As can be noted, for the UL case pdf/epfd values should be based on the I/N = ‒6 dB criterion, whereas for the DL it is possible to mitigate the pfd/epfd levels using the I/N = ‒4.5 dB.


Study D (Doc 5D/525 (Ericsson))
PFD limits for Protection of terrestrial IMT 
PFD levels for protection of terrestrial IMT (IMT UE and IMT BS) are defined based on the IMT protection criterion and the characteristics of IMT receivers. The regulatory measures (PFD limits) need to be defined based on these PFD levels taking into account the functionality and characteristics of the aggressor (DC-MSS-IMT). 
DC-MSS-IMT systems contain of hundreds or thousands of satellites in low-Earth orbit. Thus, the terrestrial IMT receives interference from multiple satellites, either in one constellation or in multiple constellations. This aggregate interference must be considered when defining regulatory measures for protection of terrestrial IMT from DC-MSS-IMT.
Multiple options to define the PFD limits are identified for further consideration in the last WP 5D meeting in October 2024 (Annex 4.15 to WP 5D Chair’s Report):
•	PFD per satellite (PFD produced by each satellite of DC-MSS-IMT system)
•	Aggregate PFD per system (summation of PFDs produced by all satellites in an DC-MSS-IMT system)
•	EPFD per system and aggregate EPFD for multiple systems (EPFD as defined in Article No. 22.5C.1 of RR)
Defining PFD per satellite would require prior assessment of two factors:
1.	One factor based on DC-MSS-IMT deployment to consider the aggregate interference from multiple satellites in one system (multi-satellite aggregation factor), noting that this aggregation factor needs to take into account future development of the DC-MSS-IMT system.
2.	Another factor to consider is the aggregate interference from different DC-MSS-IMT systems which could be actively transmitting in visibility of the border (multi‑system aggregation factor).
To estimate these factors, information on the functionality and characteristics of the DC-MSS-IMT system is required. 
In the following the options to define PFD limits for protection of IMT UE and IMT BS starting from the maximum tolerable interference obtained from IMT protection criterion and the characteristics of IMT UE and IMT BS are discussed.  
Protection of IMT UE from DC-MSS-IMT
PFD levels to protect IMT UE can be derived based on the IMT UE characteristics and IMT protection criterion:
 	(1)
where:
	: 	Boltzmann’s constant (-228.6 dB(W/(K  Hz)))
	: 	receiver noise temperature (300 K)
	: 	reference bandwidth (1 MHz)
	:	receiver noise figure in dB
	:	protection criterion in dB
	: 	antenna gain of IMT UE in in linear scale.
To protect IMT UE from harmful interference due to DC-MSS-IMT, the aggregate interference due to all visible satellites operating co-frequency (either in one constellation or in multiple constellations) should not exceed the value obtained by equation (1). This value can be seen as an interference budget to protect IMT UE from harmful interference and can be used as the aggregate EPFD limit for protection of IMT UE.
The value obtained by equation (1) is the aggregate PFD limit or EPFD limit per system if only one DC-MSS-IMT system causes interference. In case of having potential interference from multiple systems, the interference budget must be partitioned between different systems, meaning that a multi-system aggregation factor must be estimated and subtracted from the value obtained by equation (1) to achieve the aggregate PFD limit or EPFD limit per system.


To define the PFD limit per satellite, an aggregation factor to consider the aggregate interference from multiple satellites in one MSS-SC system must be estimated and subtracted from the aggregate PFD limit per system.

Protection of IMT BS from DC-MSS-IMT
To protect IMT BS from harmful interference due to DC-MSS-IMT, the aggregate interference received by IMT BS due to all visible satellites operating co-frequency (either in one constellation or in multiple constellations) should not exceed 
		.
If only one satellite caused interference, PFD mask to protect IMT BS could be derived as:
		(2)
where:
	 	is the elevation angle toward the interfering satellite
	 	is the antenna gain of BS in the direction of the interfering satellite (in linear scale), and 
	 	is the BS antenna feeder loss (in dB).
However, in case of DC-MSS-IMT, the interfering signal comes from multiple satellites and since the IMT BS has a directional antenna, the impact of PFDs from different satellites on its performance depends upon the relative gain towards these interfering satellites. This means the total interference received by the IMT BS is (see Figure 1 for a case with 3 interfering satellites)
	 	(3)
where:
	: 	transmit power of the -th interfering satellite in dBW
	: 	the gain of the -th interfering satellite toward the victim receiver
	: 	antenna gain of the victim receiver antenna in the direction of the ‑th interfering satellite
	 and : 	angles to specify the direction between the victim receiver and the ‑th interfering satellite
	: 	the distance between the victim receiver and the -th interfering satellite.
This total interference received by the BS should be equal to the maximum tolerable interference (). Therefore,
 	(4)
The left-hand side of equation (4) looks like the EPFD (equivalent power flux density) equation in Article No. 22.5C.1 of ITU-R Radio Regulations. Therefore, EPFD which considers the aggregate interference due to all transmitting stations within a satellite constellation taking into account the directional antenna gain of the victim receiver towards interfering satellites is a proper metric to protect IMT BS. Further consideration is needed on the BS antenna gain when deriving the regulatory limits for protection of AAS base stations as the antenna pattern of AAS BSs vary.
Figure A1-10
An IMT BS receiving interference from three satellites
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The aggregate PFD from a constellation at the location of IMT BS is (see Figure 1 for a case with 3 interfering satellites)
	 	 (5)
It is unclear how this aggregate PFD can be related to the characteristics of IMT BS to ensure protection. Further consideration is needed in this regard.
The EPFD level which can be obtained using equation (4) is the “EPFD limit per system” if only one DC-MSS-IMT system causes interference. In case of having potential interference from multiple DC-MSS-IMT systems, either the EPFD level obtained using equation (4) should be defined as “Aggregate EPFD limit”, or the interference budget should be partitioned between the systems, meaning that a multi‑system aggregation factor must be estimated and applied as following:

Conclusion and summary of the three options
A comparison of all the options are summarized in the table below. It show that a multi-system aggregation factor should be estimated and used when defining “Aggregate PFD limit per system” or “EPFD limit per system” to consider the aggregate interference due to multiple DC-MSS-IMT systems.
“PFD limit per satellite” does not seem suitable for protection of IMT BS as there are multiple interfering satellites that their impact on IMT BS depends on the gain of BS antenna in the direction of interfering satellites. In case of defining “PFD limit per satellite” for protection of IMT UE, in addition to the multi-system aggregation factor, the multi-satellite aggregation factor to model the aggregate interference from multiple satellites in one MSS-SC system must be applied. To estimate these aggregation factors, the information on the functionality and characteristics of DC-MSS-IMT systems is needed.
While EPFD limit seems a proper metric for protection of IMT BS which has directional antennas, it is unclear how “Aggregate PFD limit” can be defined for protection of IMT BS. Further study and consideration are needed in this regard. 
Since the aggregate EPFD limit considers the aggregate interference from multiple DC-MSS-IMT systems as well as all the satellites in each system, there is no need to apply any aggregation factor when using aggregate EPFD limit as the regulatory measure.
TABLE A1-9

	
	Protection of IMT UE
	Protection of IMT BS

	PFD levels/masks based on total amount of tolerable interference
	
	 
If there is only one interfering satellite

	PFD limit per satellite
	
	Not suitable when we have multiple interfering satellites

	Aggregate PFD limit per system
	
	Needs further consideration

	EPFD limit per system
	
	

	Aggregate EPFD limit
	
	Can be calculated using equation (4)





Study E (Document 5D/477 (CHN), 5D/715 (CHN))
1	Introduction
This attachment provides a deterministic calculation-based methodology and a dynamic simulation-based methodology for deriving the aggregate PFD value per system to protect IMT system at the border between neighboring countries from DC-MSS-IMT space stations for possible new MSS allocation on a primary or secondary basis. Based on technical characteristics of DC-MSS-IMT and IMT system, the preliminary results of PFD values for protecting IMT UE are provided.
2	Technical characteristics
2.1	Technical characteristics of DC-MSS-IMT
Annex to the Chair’s Report of WP 4C (See Annex 7 to Doc. 4C/356) provides the technical characteristics of DC-MSS-IMT towards WRC-27 agenda item 1.13 which could be used as the basis of the study. Detailed technical characteristics are summarized in Table 1 and Table 2.
Table A1-10
 Parameters of orbital configuration
	Altitude
(km)
	Inclination
(deg)
	Planes
	Sats per plane
	RAAN spacing 
(deg)
	Total number of sats

	500
	55
	60
	60
	6
	3 600
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Table A1-11
 Parameters of  DC-MSS-IMT
	
	Parameter
	Unit
	Frequency

	[bookmark: RANGE!A2]Downlink (Space-to-Earth)
	Frequency band
	MHz
	694/698-960
	1 427-1 518
	1 805-1 880
/2 110-2 170
/1 880-1 920
	
	2 300-2 400
	2 500-2 690

	
	Typical Emission Bandwidth
	MHz
	5
	5
	5
	
	5
	5

	
	
	
	
	
	
	
	
	

	
	S/S Transmitter power per beam
	dBW
	9
	13
	13
	
	13
	13

	
	
	
	
	
	
	
	
	

	
	S/S EIRP per beam
	dBW
	39.9
	46.2
	48.2
	
	50.4
	51.1

	
	EIRP spectral density per beam
	dBW/
Hz
	-27.1
	-20.8
	-18.8
	
	-16.6
	-15.9

	
	S/S Antenna pattern
	n/a
	M.2101
	M.2101
	M.2101
	
	M.2101
	M.2101

	
	Single element antenna gain
	dBi
	2
	3.92
	4.11
	
	4.15
	4.15

	
	Antenna array configuration
(Row×Column)
	
	28×28
	29×29
	36×36
	
	46×46
	50×50

	
	Horizontal 3dB beamwidth of single element
	°
	120
	118
	118
	
	110
	110

	
	Vertical 3dB beamwidth of single element
	°
	120
	118
	112
	
	110
	110

	
	Horizontal radiating element spacing
	dH/λ
	0.5
	0.5
	0.5
	
	0.5
	0.5

	
	Vertical radiating element spacing
	dV /λ
	0.5
	0.5
	0.5
	
	0.5
	0.5

	
	Horizontal Front-to-back ratio
	dB
	30
	30
	30
	
	30
	30

	
	Vertical Front-to-back ratio
	dB
	30
	30
	30
	
	30
	30

	
	ACLR
	dB
	25
	25
	25
	
	25
	25

	
	
	
	
	
	
	
	
	

	Uplink (Earth-to-space)
	Frequency band
	MHz
	694/698-960
	1 427-1 518
	1 710-1 785
/1 920-1 980
/2 010-2 025
	
	2 300-2 400
	2 500-2 690

	
	Emission Bandwidth (s)
	MHz
	1.4
	1.4
	1.4
	
	1.4
	1.4

	
	Polarization 
	n/a
	Linear polarization
	Linear polarization
	Linear polarization
	
	Linear polarization
	Linear polarization

	
	E/S Transmitter power
	dBW
	−7
	−7
	−7
	
	−7
	−7

	
	Antenna gain
	dBi
	−3
	−3
	−3
	
	−3
	−3

	
	E/S EIRP
	dBW
	−10
	−10
	−10
	
	−10
	−10

	
	Antenna Pattern
	
	Omni direction
	Omni direction
	Omni direction
	
	Omni direction
	Omni direction

	
	Spectral mask
	n/a
	See 3GPP TS 38.101-1 v16.6.0 (2020-12), § 6.5.2.2, Table 6.5.2.2-1.

	
	ACLR
	n/a
	See 3GPP TS 38.101-1 v16.6.0 (2020-12), § 6.5.2.4.1.

	
	Out of band emissions
	n/a
	See 3GPP TS 38.101-1 v16.6.0 (2020-12), § 6.5.3.1.

	
	Min Elevation
	°
	35
	35
	35
	
	35
	35


*Note: There is currently no available ITU-R recommendation in force to simulate satellite phased array antenna for DC-MSS-IMT system sharing and compatibility studies. The satellite engineering design and antenna gain simulation is based on Recommendation ITU-R M.2101 complimented with antenna orientation parameter.
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2.2	Technical characteristics of IMT
Technical characteristics of IMT systems operating in the frequency bands below 1GHz and 1‑3GHz can be found in Section 4 of the working document on characteristics of terrestrial component of IMT for sharing and compatibility studies in preparation for WRC-27 (Annex 4.2 to Doc. 5D/413).
2.2.1	Deployment-related parameters of IMT
Detailed deployment-related parameters of IMT systems are summarized as follows:

- 29 –
5D/792 (Annex 4.6) -E
- 2 -
5D/477-E

M:\BRSGD\TEXT2023\SG05\WP5D\700\792\Chapter 4\792N4.06e.docx		17.07.25
General

M:\BRSGD\TEXT2023\SG05\WP5D\400\477e.docx 	17.07.25General

TABLE A1-12
Deployment-related parameters for bands between 1 and 3 GHz
	
	Rural macro 
	Urban/suburban macro 
	Small cell (outdoor)/Micro cell
	Indoor 
(small cell)

	Base station characteristics/Cell structure

	Cell radius / Deployment density (for bands between 1 and 2 GHz) 
(Report ITU-R M.2292)
	> 3 km
(typical value to be used in sharing studies 5 km)
	0.25-1 km urban / 
0.5-3 km suburban
(typical value to be used in sharing studies for urban macro 0.5 km and for suburban macro 1 km)
	1-3 per urban macro cell
<1 per suburban macro site
	Depending on indoor coverage/ capacity demand

	Cell radius / Deployment density (for bands between 2 and 3 GHz) 
(Report ITU-R M.2292)
	> 2 km
(typical value to be used in sharing studies 4 km)
	0.2-0.8 km urban / 0.4-2.5 km suburban (typical value to be used in sharing studies for urban macro 0.4 km and for suburban macro 0.8 km)
	1-3 per urban macro cell
<1 per suburban macro site
	Depending on indoor coverage/ capacity demand

	Antenna height 
(Report ITU-R M.2292)
	30 m
	25 m urban / 30 m suburban (1-2 GHz)
20 m urban / 25 m suburban (2-3 GHz)
	6 m
	3 m

	
Sectorization
	3 sectors
	3 sectors
	Single sector
	Single sector

	Indoor base station deployment
	n.a.
	n.a.
	n.a.
	100%

	Indoor base station penetration loss
	n.a.
	n.a.
	n.a.
	Rec. ITU-R P.2109

	Below rooftop base station antenna deployment (Report ITU-R M.2292)
	0%
	Urban: 30% (1-2 GHz), 
50% (2-3 GHz)
Suburban: 0%
	100%
	n.a.

	Typical channel bandwidth
	10 or 20 MHz
	10 or 20 MHz
	10 or 20 MHz
	10 or 20 MHz

	Network loading factor (base station load probability X%) (see section 3.4 below and Rec. ITU-R M.2101 Annex 1, section 3.4.1 and 6)
	20%, 50%
	20%, 50%
	20%, 50%
	20%, 50%

	TDD / FDD
	Depending on band
	Depending on band
	Depending on band
	Depending on band

	BS TDD activity factor
	75%
	75%
	75%
	75%


TABLE A1-13
UE parameters for bands between 1 and 3 GHz
	
	Rural macro 
	Urban/suburban macro
	Small cell (outdoor)/Micro cell
	Indoor (small cell)

	User terminal characteristics

	Indoor user terminal usage (Report ITU-R M.2292)
	50%
	70%
	70%
	100%

	Indoor user terminal penetration loss
	Rec. ITU-R P.2109
	Rec. ITU-R P.2109
	Rec. ITU-R P.2109
	Rec. ITU-R P.2109

	User equipment density for terminals that are transmitting simultaneously (Note 1)
	3 UEs per sector
	3 UEs per sector
	3 UEs per sector
	3 UEs per sector

	UE height (Note 2)
	1.5 m
	1.5 m
	1.5 m
	1.5 m

	Average user terminal output power
	Use transmit power control
	Use transmit power control
	Use transmit power control
	Use transmit power control

	Typical antenna gain for user terminals
	−3 dBi
	−3 dBi
	−3 dBi
	−3 dBi

	Body loss 
	4 dB
	4 dB
	4 dB
	4 dB

	UE TDD activity factor
	25%
	25%
	25%
	25%

	Transmit power control

	Power control model
	Refer to Recommendation ITU-R M.2101 Annex 1, section 4.1

	Maximum user terminal output power, PCMAX
	23 dBm
	23 dBm
	23 dBm
	23 dBm

	Power (dBm) target value per RB, P0_PUSCH (Note 3)
	−92.2
	−92.2
	−87.2
	−87.2

	Path loss compensation factor,  
(same as “balancing factor” mentioned in Rec. ITU-R M.2101)
	0.8
	0.8
	0.8
	0.8





2.2.2	Beamforming antenna characteristics of IMT
Detailed beamforming antenna characteristics of IMT systems are provided as follows. IMT AAS BSs are considered in this study.
TABLE A1-14 
Beamforming antenna characteristics for IMT in 1 710-4 990 MHz 
	
	
	Rural macro
	Suburban macro
	Urban macro
	Urban small cell (outdoor)/Micro cell 
	Indoor 
(small cell)

	1
	Base station antenna characteristics

	1.1
	Antenna pattern 
	Refer to the extended AAS model in Table A of Annex 3
	Refer to section 5 of Rec. ITU-R M.2101 
	N/A

	1.2
	Element gain (dBi) (Note 1)
	6.4
	6.4
	6.4
	6.4
	N/A

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
 65º for V
	90º for H
 65º for V
	90º for H
65º for V
	90º for H
65º for V
	N/A

	1.4
	Horizontal/vertical front‑to‑back ratio (dB)
	30 for both H/V
	30 for both H/V
	30 for both H/V
	30 for both H/V
	N/A

	1.5
	Antenna polarization 
	Linear ±45º
	Linear ±45º
	Linear ±45º
	Linear ±45º
	N/A

	1.6
	Antenna array configuration (Row × Column) (Note 2)
	4 × 8 elements
	4 × 8 elements
	4 × 8 elements
	8 × 8 elements
	N/A

	1.7
	Horizontal/Vertical radiating element/sub-array spacing, dh /dv 
	0.5 of wavelength for H, 2.1 of wavelength for V
	0.5 of wavelength for H, 2.1 of wavelength for V
	0.5 of wavelength for H, 2.1 of wavelength for V
	0.5 of wavelength for H, 0.7 of wavelength for V
	N/A

	1.7a
	Number of element rows in sub‑array, Msub
	3
	3
	3
	N/A
	N/A

	1.7b
	Vertical radiating element spacing in sub-array, dv,sub
	0.7 of wavelength of V
	0.7 of wavelength of V
	0.7 of wavelength of V
	N/A
	N/A

	1.7c
	Pre-set sub-array down-tilt, θsubtilt (degrees)
	3
	3
	3
	N/A
	N/A

	1.8
	Array Ohmic loss (dB) (Note 1)
	2
	2
	2
	2
	N/A

	1.9
	Conducted power (before Ohmic loss) per antenna element/sub-array (dBm) (Note 5, 6) 
	28
	28
	28
	16
	N/A

	1.10
	Base station horizontal coverage range (degrees)
	±60
	±60
	±60
	±60
	N/A

	1.11
	Base station vertical coverage range (degrees) (Notes 3, 4, 7)
	90-100
	90-100
	90-100
	90-120
	N/A

	1.12
	Mechanical downtilt (degrees) (Note 4)
	3
	6
	6
	10
	N/A

	1.13
	Maximum base station output power/sector (e.i.r.p.) (dBm)
	72.28
	72.28
	72.28
	61.53
	N/A
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2.3	Propagation models
Based on the liaison statement from WPs 3L/3M to WP5D (Doc. 5D/167), Recommendation ITU-R P.619-5 is used to calculate the propagation loss between stations in space and those on the surface of the Earth. 
2.4	Protection criteria
When considering DC-MSS-IMT as the interfering system with the possible new MSS allocation on a primary or secondary basis, the IMT protection criterion I/N =−6dB without any probability (which means the non-exceedance probability of I/N =−6dB is 100%) is used for the deterministic calculation-based method and the IMT protection criterion with specific non-exceedance probability of I/N =−6dB is used for dynamic simulation-based method.
3	Methodology
3.1	Scenario
The scenario of the sharing study to evaluate the aggregate PFD value per system from DC-MSS-IMT space stations to protect IMT system at border between neighboring countries is shown in Figure 1.
Figure A1-11
Sharing scenario between DC-MSS-IMT space stations interfere with IMT stations at border
between neighboring countries
[image: 仿真场景图]
[image: 图片]
3.2	Methodology
3.2.1	Deterministic calculation-based method
Deterministic calculation-based method is used to evaluate the aggregate PFD value per system from DC-MSS-IMT space stations to protect IMT system consideration the IMT protection criterion I/N =−6dB without any probability (which means the non-exceedance probability of I/N =−6dB is 100%). Deterministic calculation is derived using the following formula:
		
where:
	:	Aggregate PFD from DC-MSS-IMT space stations, dB(W/m2·MHz)
	:	Boltzmann constant, 
	T:	Equivalent noise temperature, 290K
	B:	System bandwidth, MHz
	:	IMT system protection criteria, dB
	NF:	Receive station noise figure, dBW/MHz
	:	Wavelength, m
	:	IMT receiver station antenna gain in the direction of DC-MSS-IMT space station, dBi
	:	Feeder loss for IMT BS, Body Loss for IMT UE, dB.
3.2.2	Dynamic simulation-based method
Dynamic simulation-based method is used to evaluate the aggregate PFD value per system from DC-MSS-IMT space stations to protect IMT system at the border between neighboring countries with additional isolation required to satisfy the IMT protection criterion with specific non-exceedance probability of I/N =−6dB. Main steps of the simulation are listed as follows.
Step1: Determine the range of simulation area
In this study, DC-MSS-IMT space stations serve DC-MSS-IMT UEs in Country A which shares a border with Country B. 
The size of Country A is set to 2442 km in length and 2442 km in width, with the center located at 109°E, 30°N.
Step2: Generate DC-MSS-IMT space stations/DC-MSS-IMT UEs and IMT BSs/UEs
The spatial topology of DC-MSS-IMT space stations is generated at time T based on the parameters of orbital configuration. 
DC-MSS-IMT UEs are generated within Country A randomly, and adopts highest elevation satellite selection and pointing strategy to connect to DC-MSS-IMT space stations. The center of space station beam can only point within the territory of Country A.
IMT BSs/UEs are generated along the border of Country B. Based on the deployment-related parameters of IMT system, the inter-site distance is 600m. IMT UEs are generated within IMT base station sectors randomly.
Step3: Simulate the positions of satellite constellation over a period of time and calculate aggregate interference from DC-MSS-IMT space stations to IMT system at each time step
The aggregate interference level is determined by all visible space stations serving DC-MSS-IMT UEs in Country A.
		
		
where:
	:	Aggregate interference power density from DC-MSS-IMT space stations, dBW/MHz
	:	Interference power density from j-th beam of n-th space station, dBW/MHz
	:	DC-MSS-IMT space station transmit power density, dBW/MHz
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK16][bookmark: OLE_LINK17]	:	n-th DC-MSS-IMT space station antenna gain in the direction of IMT receiver stations taking into account the j-th main beam of MSS space station is pointing to its serving DC-MSS-IMT UE, dBi
	:	IMT station antenna gain in the direction of MSS space station, dBi
	:	Propagation loss, dB
	:	Feeder loss for IMT BS, Body Loss for IMT UE dB
	:	The number of DC-MSS-IMT space stations in the interference calculation
	:	The number of beams of one DC-MSS-IMT space station.
Furthermore, the required additional isolation could be derived based on the received aggregate interference and maximum allowed interference level based on protection criteria I/N=−6dB at different probabilities(X%) of CDF.
		
	:	The required additional isolation that may be needed to protect IMT system to satisfy the protection criteria I/N=−6dB at different probabilities(X%) of CDF.
	:		The acceptable maximum interference power derived based on the protection criteria and receiver noise, dBW/MHz
Step4: Calculate required PFD values from DC-MSS-IMT constellation at the border between neighboring countries
Aggregate PFD is calculated by simulation using the following formulas:
		
		
where:
	:	Aggregate PFD from DC-MSS-IMTspace stations, dB(W/m2·MHz)
	:	PFD from j-th beam of n-th space station, dB(W/(m²·MHz))
	:	DC-MSS-IMT space station transmit power density:	n-th DC-MSS-IMT space station antenna gain in the direction of IMT receiver stations taking into account the j-th main beam of DC-MSS-IMT space station is pointing to its serving DC-MSS-IMT UE, dBi
	:	Distance between n-th transmit DC-MSS-IMT space station and IMT receiver station, m.
Based on the additional isolation obtained in Step 3, the required PFD values are derived using the following formula:
		
where:
	:	Required PFD values of DC-MSS-IMT constellation to protect IMT system at the border between neighbouring countries, dB(W/(m²·MHz)).
Step5: Analyse the study results
4	Study results
This section provides the preliminary aggregate PFD value per system for protecting IMT UE from MSS space station based on the methodologies described in Section 3 above.
4.1	PFD values using deterministic calculation-based method for protecting IMT UE
The aggregate PFD values per system using deterministic method mentioned in section 3.2.1 for protecting IMT UE are as follows:
TABLE A1-15 
Aggregate PFD values per system using deterministic method for protecting IMT UE 
	Frequency band
(MHz)
	800
	1450
	1 800
	2 155
	2 350
	2 600

	λ(m)
	0.375
	0.2069
	0.16667
	0.13921
	0.12766
	0.11538

	I/N (dB)
	−6
	−6
	−6
	−6
	−6
	−6

	G (dBi)
	−3
	−3
	−3
	−3
	−3
	−3

	BodyLoss (dB)
	4
	4
	4
	4
	4
	4

	K
	1.38E-23
	1.38E-23
	1.38E-23
	1.38E-23
	1.38E-23
	1.38E-23

	T (K)
	290
	290
	290
	290
	290
	290

	B (MHz)
	1
	1
	1
	1
	1
	1

	NF (dB)
	9
	9
	9
	9
	9
	9

	N(dBW/MHz)
	−143.98
	−143.98
	−143.98
	−143.98
	−143.98
	−143.98

	PFD(dBW/m2/MHz)
	−114.47
	−109.30
	−107.42
	−105.86
	−105.11
	−104.23


4.2	PFD values using dynamic simulation–based method for protecting IMT UE 
Based on the parameters of DC-MSS-IMT in Section 2.1 of Attachment, this section provides the preliminary simulation results of the aggregate interference contributed by DC-MSS-IMT space stations to different IMT UEs that are located at the border between neighbouring countries in the frequency band 2 110-2 200 MHz. According to the simulation results, the aggregate PFD values per system of DC-MSS-IMT space stations at border between neighbouring countries to protect IMT UE are provided. 
Figure A1-12
	(a) I/N CDF of DC-MSS-IMT to protect IMT UE in the frequency band 2110-2200MHz
	(b) Aggregate PFD CDF of DC-MSS-IMT constellation in the frequency band 2110-2200MHz
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TABLE A1-16
Simulation results for protecting IMT UE
	Frequency band (MHz)
	X% of I/N CDF (%)
	I/N 
(dB)
	Additional isolation
(dB)
	PFD value (dBW(m2·MHz))

	2110-2200
	100
	16.0935
	22.0935
	-105.86

	
	99.99
	15.3296
	21.3296
	-105.0961

	
	99.9
	13.5102
	19.5102
	-103.2767

	
	99.5
	7.9780
	13.9780
	-97.7445


5	Summary
This study results based on deterministic calculation method and dynamic simulation method for deriving the aggregate PFD value per system to protect IMT UEs from DC-MSS-IMT space stations at the border between neighboring countries in the frequency band 2110-2200MHz are as follows:
The results of aggregate PFD value per system based on deterministic calculation using IMT protection criterion of I/N =−6dB without any probability to protect IMT UE is −105.86 dB(W/m2·MHz) as the worst case.
The results of aggregated PFD value per system based on dynamic simulation using IMT protection criterion with specific non-exceedance probability of I/N =−6dB are observed as the following:
–	considering satisfying the IMT protection criteria I/N=−6dB with 99.99% of probability not to be exceeded, the required aggregated PFD value per system is −105.0961 dB(W/m2·MHz)
–	considering satisfying the IMT protection criteria I/N=−6dB with 99.9% of probability not to be exceeded, the required aggregated PFD value per system is −103.2767 dB(W/m2·MHz)
–	considering satisfying the IMT protection criteria I/N=−6dB with 99.5% of probability not to be exceeded, the required aggregated PFD value per system is −97.7445 dB(W/m2·MHz).
Other methodologies and associated non-exceedance probability, as appropriate, could also be further discussed and considered in the future.
It should be noted that Working Parties (WPs) 3J,3K and 3M are working on updating Recommendation ITU-R P.2108-1 (Section 3.3) for the frequency band below 10GHz based on the liaison statement from WP 3L and 3M (see Doc. 5D/167). If the study on the clutter loss model is concluded by WPs 3J,3K and 3M, the simulation results could be further updated accordingly.


Study F (Document 5D/633 (D))
1	Introduction
This contribution provides the maximum pfd levels on the ground required for protection of IMT BS in the context of WRC-27 agenda item 1.13 taking into account the IMT BS receiver characteristics respectively. The pfd masks for protection of IMT stations were calculated and plotted for each scenario (i.e. urban, sub-urban and rural) for the frequency bands preliminarily considered under WRC‑27 agenda item 1.13. The technical characteristics of IMT were extracted from Annex 4.4 to Document 5D/716 which was developed based on Report ITU-R M.2292 and contains the characteristics of terrestrial component of IMT for sharing and compatibility studies in preparation of WRC-23. Once IMT characteristics for sharing and compatibility studies in preparation of WRC‑27 are finalized in Working Party (WP) 5D, the pfd masks contained herein could be updated, if necessary.
2	Technical characteristics of IMT BS 
2.1	Frequency ranges
The frequency bands considered under WRC-27 agenda item 1.13 have been grouped into four frequency ranges as seen in Table 2 below to reduce the number of pfd plots and formulas. The lower end of the band is used to plot the pfd masks for protection of IMT BS and UE, i.e. the worst case pfd is calculated for each range.
Table A1-17
Frequency ranges used for calculation of pfd levels
	Frequency ranges
	Lower end (MHz)
	Upper end (MHz)
	Frequency bands covered

	Below 1 GHz
	698
	960
	698-960 MHz

	1-2.2 GHz
	1427
	2 200
	1 427-1 518 MHz
1 710-1 785 MHz
1 805-2 025 MHz 
2 110-2 200 MHz

	2.3-2.4 GHz 
	2300
	2 400
	2 300-2 400 MHz

	2.5-2.69 GHz
	2500
	2 690
	2 500-2 690 MHz





2.2	Technical characteristics of IMT BS using Non-AAS antenna pattern
The technical characteristics of IMT non-AAS BS (urban, suburban and rural) extracted from Annex 4.4 to Document 5D/716 which was developed based on Report ITU-R M.2292 are provided in Table 2 below. For IMT BS using frequency range below 1 GHz only the non-AAS antenna pattern in used.
[bookmark: _Ref175048745][bookmark: _Ref175048735]Table A1-18
Technical characteristics of IMT non-AAS BS used for calculating the pfd levels
	Parameter
	Value

	
	Rural macro
	suburban macro
	urban macro

	Noise spectral density in dBW/MHz
	−143.8

	Noise figure in dB
	5

	Noise temperature in K
	300

	Protection criterion (I/N) in dB
	−6

	Peak Non-AAS BS antenna gain () in dBi
	18
	16
	16

	Non-AAS BS antenna pattern
	Recommendation ITU-R F.1336 (recommends 3.1) 
	ka = 0.7
	kp = 0.7
	kh = 0.7
	kv = 0.3
Horizontal 3 dB beamwidth (): 65 degrees
Vertical 3 dB beamwidth (): determined from the horizontal beamwidth by equations in Recommendation ITU-R F.1336.


	Feeder loss in dB
	3

	Downtilt
	3°
	6°
	10°





2.3	Technical characteristics of IMT BS using extended AAS antenna model
Antenna characteristics for IMT-2020 AAS base stations in 1 710-4 990 MHz were taken from section 3.2.1.6 of Annex 4.4 to Document 5D/716 and summarised in Tables 3 and 4. Both non-AAS and AAS antenna patterns are used for developing the pfd mask for protection of IMT BS using frequency range above 1 GHz. IMT AAS BS using 1427-1518 MHz band are assumed to use the same characteristics provided in Tables 3 and 4. 
[bookmark: _Ref194660508]Table A1-19
Beamforming antenna characteristics for IMT AAS BS in 1 710-4 990 MHz 
	Parameter
	Value

	
	Rural macro
	Suburban macro
	Urban macro

	Antenna pattern
	Refer to the extended AAS model in Table 4

	Element gain (dBi) (Note 1)
	6.4

	Horizontal/vertical 3 dB beam width of single element (degree)
	90º for H
 65º for V

	Horizontal/vertical front‑to‑back ratio (dB)
	30 for both H/V

	Antenna polarization
	Linear ±45º

	Antenna array configuration (Row × Column) (Note 2)
	4 × 8 elements

	Horizontal/Vertical radiating element/sub-array spacing, dh /dv 
	0.5 of wavelength for H, 2.1 of wavelength for V

	Number of element rows in sub-array, Msub
	3

	Vertical radiating element spacing in sub-array, dv,sub
	0.7 of wavelength of V

	Pre-set sub-array down-tilt, θsubtilt (degrees)
	3

	Array Ohmic loss (dB) (Note 1)
	2

	Base station horizontal coverage range (degrees)
	±60

	Base station vertical coverage range (degrees) (Notes 3, 4, 5)
	90-100

	Mechanical downtilt (degrees) (Note 4)
	3
	6
	6

	Note 1: The element gain includes the array ohmic loss and is per polarization. This means that array ohmic loss is not needed for the calculation of the BS composite antenna gain.
Note 2: For the extended AAS model case, 4 × 8 means there are 4 vertical and 8 horizontal radiating sub-arrays.
Note 3: The vertical coverage range is given in global coordinate system, i.e. 90° being at the horizon.
Note 4: The vertical coverage range includes the mechanical downtilt.
Note 5: In sharing studies, the UEs that are below the base station vertical coverage range can be considered to be served by the “lower” bound of the electrical beam, i.e. beam steered towards the max. coverage angle. A minimum BS-UE distance along the ground of 35 m should be used for urban/suburban and rural macro environments.





[bookmark: _Ref194660484]Table A1-20
Extended AAS model
	Description
	Equation

	Peak normalized element radiation pattern
	


	Peak gain normalized element radiation pattern
	

	Sub-array excitation
	

	Sub-array radiation pattern
	
, where


	Array excitation
	
Where M and N is corresponding to (Row × Column) provided in Table 3

	Composite array radiation pattern
	
, where

Where M and N is corresponding to (Row × Column) provided in Table 3



3	Antenna patterns
3.1	IMT BS antenna patterns
Based on the receiver characteristic values of IMT base station provided in Annex 4.4 to Document 5D/716, the non-AAS base station antenna pattern was calculated by applying Recommendation ITU-R F.1336. 
The gain versus elevation angle for IMT non-AAS BS deployed in urban, sub-urban and rural macro scenarios are provided in Figure 1 below based on Recommendation ITU-R F.1336 using recommends 3.1.1 which represents the peak side-lobe pattern. The gain versus elevation angle for IMT AAS BS deployed in urban, sub-urban and rural macro scenarios are provided in Figure 2 below based on Extended ASS model.
[bookmark: _Ref175048522]Figure A1-13
IMT non-AAS BS gain versus elevation angle for urban, sub-urban
and rural macro scenarios based on Recommendation ITU-R F.1336 (recommends 3.1.1)
[image: ]
[bookmark: _Ref194660899]Figure A1-14
IMT AAS BS gain versus elevation angle for urban, sub-urban
and rural macro scenarios based on Extended AAS model
[image: A graph of a graph

AI-generated content may be incorrect.]


4	Methodology
The maximum pfd levels on the ground that protect IMT receivers are calculated at various frequencies preliminarily considered for WRC-27 agenda item (AI) 1.13, based on IMT BS receiver characteristics extracted from Annex 4.4 to Document 5D/617 which was developed based on Report ITU-R M.2292.
The following formula was used to calculate the pfd levels in dB (W/ (m2 · MHz)):
		
where:
	k: 	Boltzmann’s constant ()
	: 	receiver noise temperature in K
	B: 	reference bandwidth (1 MHz)
	NF:	receiver noise figure in dB
	I/N:	protection criteria in dB
	: 	effective antenna gain in dBi of the receiver antenna in the direction of the interferer
	: 	the elevation angle in degree
		wavelength in m
	:	Receiver antenna feeder/cable loss for IMT BS using non-AAS/AAS antenna and body loss for IMT UE in dB.
Other losses such as polarization isolation, ionospheric scintillation losses and atmospheric losses, and MSS system characteristics that impact sharing conditions between interfering and victim systems are to be considered during sharing and compatibility studies.
This equation allows the computation of the maximum allowable pfd value in a single direction above the horizon (). However, if this maximum allowed pfd value is reached in a single direction, the whole margin for I/N is consumed. For interfering sources coming from different directions and contributing to the overall interference perceived by the IMT receiver, further investigations are needed to establish a model to calculate the total amount of pfd allowed over all elevations. WP 4C needs to clarify NGSO systems characteristics, sharing scenarios, as well as whether more than one satellite system would operate co-channel with an IMT terrestrial service in the same geographical area and if any aggregation factor is needed due to multiple satellites in visibility of the terrestrial IMT receiver from multiple elevation angles.
5	PFD masks
5.1	The pfd masks for protection of IMT BS
PFD masks that protect IMT BS are calculated and plotted for the following scenarios: 
1	pfd masks for protection of IMT non-AAS BS in rural macro scenario (see Figure 4 below)
2	pfd masks for protection of IMT non-AAS BS in suburban macro scenario (see Figure 5 below)
3	pfd masks for protection of IMT non-AAS BS in urban macro scenario (see Figure 6 below)
4	pfd masks for protection of IMT AAS BS operating in frequency bands above 1 GHz assuming urban/suburban macro scenario (see Figure 7 below)
5	pfd masks for protection of IMT AAS BS operating in frequency bands above 1 GHz assuming rural macro scenario (see Figure 8 below)
[bookmark: _Ref194670609]Figure A1-15
pfd masks for protection of IMT non-AAS BS in rural scenario
[image: ]
[bookmark: _Ref194913709]Figure A1-16
pfd masks for protection of IMT non-AAS BS in suburban scenario
[image: ]
[bookmark: _Ref194913722]Figure A1-17
pfd masks for protection of IMT non-AAS BS in urban scenario
[image: ]
[bookmark: _Ref194670598]Figure A1-18
pfd masks for protection of IMT AAS BS operating in frequency bands
above 1 GHz assuming urban/suburban scenario
 [image: A graph of a function
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[bookmark: _Ref194670696]Figure A1-19
pfd masks for protection of IMT AAS BS in frequency bands > 1 GHz assuming rural scenario
[image: A graph of a function

AI-generated content may be incorrect.]
As evident from figures above, the most stringent pfd masks are the ones calculated based on rural macro IMT BS scenarios.
5.2	The envelope PFD mask to protect IMT BS
As seen from the pfd plots above, the most stringent pfd masks are the ones calculated based on rural macro IMT BS scenarios. As such, to develop an envelope pfd mask, 10 000 IMT UEs are randomly located within a single 500-meter IMT macro-BS cell using extended AAS antenna model in rural scenario (see Figure 9 below). The altitude of IMT BS is assumed to be 20 meters, and all the IMT UEs assumed to be at an altitude of 1.5 meters.
[bookmark: _Ref195540477]Figure A1-20
A single sector with 10 000 IMT UЕs
[image: A hexagon shaped map with black dots
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The AAS antenna beam is steered towards 10 000 UE positions within this sector, and the resulting pfd is calculated for each UE position using the same methodology as before. Out of this 10 000 pfd snapshots, the most stringent one is selected as the worst-case pfd needed to protect the IMT BS using the extended AAS antenna pattern. 
Figure 10 summarizes the following scenarios in one plot:
1	Sub-GHz range: Single pfd mask for protection of IMT BS using non-AAS antenna pattern
2	1 GHz to 2.2 GHz: the worst-case pfd masks for protection of IMT BS using extended AAS and non-AAS antenna patterns
3	2.3-2.4 GHz: the worst-case pfd masks for protection of IMT BS using extended AAS and non-AAS antenna patterns
4	2.5-2.69 GHz: the worst-case pfd masks for protection of IMT BS using extended AAS and non-AAS antenna patterns.
[bookmark: _Ref195540939]Figure A1-21
pfd masks for protection of AAS and non-AAS IMT BS in rural macro scenario

Considering the pfd masks provided in Figure 10 are the most stringent pfd (i.e. rural scenario), an envelope pfd mask can be calculated per frequency range to protect IMT BS, irrespective of the type of antenna used. The envelope pfd mask should describe the worst-case pfd per frequency range, merging the curves calculated using the AAS and non-AAS antenna patterns (see Figures 11 and 12 below).
[bookmark: _Ref195630312]Figure A1-22
Envelop pfd for protection of IMT BS (<1 GHz)
Figure A1-23
Envelop pfd for protection of IMT BS (>1 GHz)

The equations describing the envelop pfd masks in Figures 11 and 12 are provided in Table 6 below.
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[bookmark: _Ref195632744]Table A1-21
Envelope pfd mask equations for protection of IMT BS in rural macro scenario
	Frequency range
	Pfd equation per frequency range (dB(W/(m2 · MHz)))

	Below 1 GHz
	

	1 GHz to 2.2 GHz
	

	2.3-2.4 GHz
	

	2.5-2.69 GHz
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6	Conclusion
This contribution proposes maximum pfd levels on the Earth’s surface, as a function of angle of arrival, required to protect IMT BS. Germany proposes that WP 5D considers the pfd masks provided in this contribution for protection of IMT under WRC‑27 agenda item 1.13.
Note that the IMT parameters outlined in this document may need to be revised if WP 5D agrees different IMT characteristics under AI 1.13.
It should be noted that the pfd calculation formula proposed in this document allows the computation of the maximum allowable pfd value in a single direction above the horizon (). However, if this maximum allowed pfd value is reached in a single direction, the whole margin for I/N is consumed. For interfering sources coming from different directions and contributing to the overall interference perceived by the IMT receiver, further investigations are needed to establish a model to calculate the total amount of pfd allowed over all elevations. WP 4C needs to clarify NGSO systems characteristics, sharing scenarios, as well as whether more than one satellite system would operate co-channel with an IMT terrestrial service in areas adjacent to the IMT coverage area and if any aggregation factor is needed due to multiple satellites in visibility of the terrestrial IMT receiver from multiple elevation angles.
Once WP 4C responds to the liaison statement from WP 5D (Document 5D/231), additional measures may need to be adopted to account for aggregation factors.


Study G (Doc. 5D/639 (D, G))
1	Introduction
WRC-27 AI 1.13 is intended to study possible new allocations to the mobile-satellite service for direct connectivity between space stations and unmodified IMT UEs. WP 5D is responsible for developing regulatory measures to protect terrestrial IMT systems for inclusion in the draft CPM text for WRC-27 AI 1.13.
2	Method
The method proposed in this contribution is used to determine required pfd limits for ensuring protection of terrestrial IMT networks from DC-MSS-IMT (s-E) transmission.
			(1)
where:
			is Boltzmann’s constant ()
	𝑇		is the receiver noise temperature (Kelvin)
			is the reference bandwidth (1 MHz)
			is the receiver noise figure (dB)
			is the receiver interference to noise ratio limit (dB)
			is the effective antenna gain (dBi) of the receiver antenna towards the direction of the interferer
			is the elevation angle (°) towards the direction of the interferer
			is the receiver antenna feeder loss for IMT BS (dB)
			is the antenna aperture (dB.m2) at the wavelength, λ (m).
We note that the method presented in Equation 1 is based on the victim’s perspective w. r. t. the incoming interference power corresponding to the given I/N ratio for a single-entry interferer. However, in case of interference from DC-MSS-IMT (s-E) transmissions, terrestrial IMT stations could receive interferences from multiple satellites (multiple interferers) of the same constellation and/or different constellations. 
For the terrestrial IMT UE, the pfd limits obtained using Equation 1 has been adopted as the total pfd from all DC-MSS-IMT satellite emissions from all visible angles measured in a 1 MHz bandwidth at the ground level because  will not vary for different satellites. This total pfd can be apportioned between different operators depending on how many satellite operators are in a mobile band serving the same point on earth in the same frequency. The apportioned levels must then be met considering the total emissions from all the satellites of an operator for any area that requires protection. 
With respect to the terrestrial IMT BS, Equation 1 can be used to investigate how the pfd limits vary with the victim terrestrial BS antenna pattern for a single satellite interferer. Unlike the UE, the BS antenna gain varies with elevation and so there is an off-axis angle dependency in the BS pfd equation. Therefore the locations of the satellites in the sky need to be known in order to calculate the total interference from multiple visible satellites. As a result, the calculation of the uplink pfd limits for protection of the terrestrial IMT BS is more complex and needs further consideration. 
We note that aggregation and apportionment is being discussed at ITU WP 4C. When aggregation and apportionment factors have been agreed by ITU WP 4C, the aggregate pfd limits proposed in this contribution can be calculated on a per satellite basis. 
3	Technical Characteristics
In this section, the technical characteristics for the terrestrial IMT UE are presented. 
3.1	Terrestrial IMT UE
In Table 1, the values and parameters used to determine the pfd limits using Equation 1 for coexistence with a terrestrial IMT UE operating at the centre of the 900 MHz mobile downlink band, 942.5 MHz are provided.  
In determining appropriate parameters for terrestrial IMT user equipment (UE), Working Document 5D/563[footnoteRef:1] is used, which outlines the characteristics of IMT for sharing and compatibility studies in preparation for WRC-27. It should be noted that the current Working Document 5D/563, related to IMT bands under Agenda Item 1.13 for WRC-27, is based on Document 5D/716[footnoteRef:2], which was originally developed for IMT bands under Agenda Item 1.4 for WRC-23. [1:   	Chapter 4 - Annex 4.15 - Working document on characteristics of terrestrial component of IMT for sharing and compatibility studies in preparation for WRC-27]  [2:  	Annex 4.4 to Working Party 5D Chairman’s Report- Characteristics of terrestrial component of IMT for sharing and compatibility studies in preparation for WRC-23] 

Our modelling considers that the UE antenna gain is uniform in all directions and so the pfd limits ( obtained using Equation 1 is the same for all angle of arrivals, hence it is not elevation dependent. For the terrestrial IMT UE, we have adopted:
	–3 dBi for the IMT UE antenna gain,
	0 and 4 dB for IMT UE body loss. 
[Editor’s Note: according to Documents 5D/563 and 5D/716, the IMT UE body loss is 4 dB. However, for this contribution, both 0 dB and 4 dB loss values were considered until WP5D makes a final decision on the body loss parameter.]
Table A1-22
Determining pfd limits for coexistence with Terrestrial IMT UE (900 MHz band)
	Terrestrial mobile (UE)

	Parameter
	Value
	Comment

	Freq (MHz)
	942.5
	Centre of the 900 MHz mobile downlink band

	  (dBW/MHz)
	-144
	Thermal noise density

	 (dB)
	9
	This is adopted from 5D/7162, Table 1, page 3

	 (dBW/MHz)
	-135
	UE noise floor density

	(dB)
	-6
	This is adopted from 5D/7162, Table 13, page 26

	 (dBi)
	-3
	This is adopted from 5D/7162, Table 5-2, page 12 and represents a typical UE

	(dB.m2)
	-21
	Antenna aperture 

	Body loss (dB)
	4 & 0
	4 dB is based on 5D/7162


Note that the IMT UE parameters outlined in Table 1 are for a typical device and may need to be revised if WP5D agrees different IMT characteristics under AI 1.13.
3.2	Terrestrial IMT BS
[TBD]
[Editor’s Note: This section will be further developed and finalized once Working Party 5D has completed its work on defining the IMT base station characteristics. The content will reflect the finalized parameters and specifications as determined by WP5D.]
4	Pfd limits for Terrestrial IMT
In this section, the pfd limits for protecting terrestrial IMT Ues are provided. 
4.1	Pfd limits for protecting Terrestrial IMT UE
The pfd limits presented in Table 2 have been calculated using the parameters in Table 1. For the band groups shown in Table 2, the same parameters have been used to calculate the pfd limits for all the bands considered for DC-MSS-IMT. The only exception to this is the antenna aperture term (10∙log10(λ2/4π) which is frequency dependent and so varies between IMT bands. 
In order to minimise the number of different pfd limits satellite network operators (SNO) need to comply with, the pfd limits in Table 2 have been grouped such that the spread in the pfd limits calculated is around a few dBs. 
Table A1-23
Aggregate pfd for protecting terrestrial IMT UE
	Mobile Band
	Pfd limits in mobile downlink spectrum
(0 dB body loss)
	Pfd limits in mobile downlink spectrum
(4 dB body loss)

	MHz
	dBW / MHz / m2
	dBW / MHz / m2

	700, 800, 900
	‒119
	‒115

	1400
	‒113
	‒109

	1800, 1900, 2100
	‒111
	‒107

	2300, 2600
	‒108
	‒104


[Editor’s Note: once WP5D agrees on the various IMT characteristics under AI 1.13—particularly regarding IMT UE body loss—the appropriate option listed in the table shall be used to ensure the protection of IMT UE.]
4.2	Equivalent RSRP 
We note that administrations do not normally use pfd limits when describing coverage in terrestrial IMT mobile networks. A more common terminology is Reference Signal Received Power (“RSRP”), so we have translated our pfd limits into the equivalent RSRP limit to allow for comparison. We note that this equivalent RSRP limit conversion assumes a noise-limited environment rather than interference-limited environment.
We calculated the equivalent RSRP limit as follows:
			(2)
where: 
	PR 	is the power limit at the UE antenna connector, equivalent to the pfd limit at the UE antenna (dBW / MHz).
		other terms have the same meaning as in equation 1.
And
			(3)
where:
	PRSRP	is the equivalent RSRP limit assuming a noise limited environment (dBm)
	PR	is the power limit at the UE antenna connector, equivalent to the pfd limit at the UE antenna (dBW / MHz).
		is the unit magnitude adjustment factor going from dBW to dBm (dB)
		is the bandwidth adjustment factor going from 1 MHz to the bandwidth of a single resource element, 15 kHz (dB)
We note that using the values from Table 1, we get an equivalent RSRP limit of ‒126 dBm for all mobile bands (because RSRP, unlike pfd, does not have a frequency dependency). This is 6 dB below the minimum useable sensitivity commonly cited for mobile user equipment (‑120 dBm RSRP).
4.3	Protecting the Terrestrial IMT BS
[TBD]
[Editor’s Note: When aggregation and apportionment factors have been agreed by ITU WP 4C, aggregate or per satellite pfd limits can be proposed for protecting the terrestrial IMT BS]
5	Aggregation And Apportionment
The proposed pfd limits in this contribution are maximum aggregate power pfd limits from multiple satellites and multiple constellations for protection of terrestrial IMT downlink. We also consider that a “per satellite” transmission pfd limit could also be appropriate in order to provide measurable limits. However, a per satellite pfd limit requires knowledge of the aggregation effect. 
Furthermore, DC-MSS-IMT is still a relatively new technology, and it is uncertain how many SNOs will provide DC-MSS-IMT services in each mobile band as the market matures, hence further analysis is required to determine whether an apportionment factor is needed. 
WP 4C needs to clarify NGSO systems characteristics, sharing scenarios, as well as whether more than one satellite system would operate co-channel with an IMT terrestrial service in the same geographical area and if any aggregation factor is needed due to multiple satellites in visibility of the terrestrial IMT receiver from multiple elevation angles. 
Consequently, further work is needed to derive the pfd limits for the protection of the terrestrial IMT BS including determining a per satellite pfd value as it is possible that there are multiple active satellites/beams in view of a terrestrial IMT BS. 
6	Conclusion
Based on the analysis presented in this contribution, the aggregate pfd limits below are proposed for protecting terrestrial IMT Ues from DC-MSS-IMT s-E transmissions. 
Table A1-24
Aggregate pfd limits from multiple satellites and multiple constellations
	Mobile Band
	Pfd Limit in mobile downlink spectrum
(0 dB body loss)
	Pfd Limit in mobile downlink spectrum
(4 dB body loss)

	MHz
	dBW / MHz / m2
	dBW / MHz / m2

	700, 800, 900
	‒119
	‒115

	1400
	‒113
	‒109

	1800, 1900, 2100
	‒111
	‒107

	2300, 2600
	‒108
	‒104


[Editor’s Note: once WP5D agrees on the various IMT characteristics under AI 1.13—particularly regarding IMT UE body loss—the appropriate option listed in the table shall be used to ensure the protection of IMT UE.]


Study H (Doc. 5D/712 (CHN))
1	Introduction
For IMT UE, due to the use of omnidirectional antennas, the interference from satellites to IMT UEs varies synchronously with the generated pfd. This enables the calculation of aggregated pfd limit through the difference between the aggregated interference generated by the satellites and the interference criteria, as well as the aggregated pfd values generated by the satellites.
For IMT BS, due to the use of directional antennas, the interference of satellites to IMT BSs and the pfd generated at IMT BSs will not change synchronously. The methods used for IMT UEs are no longer applicable to IMT BSs. This attachment provides consideration on the method to calculate the aggregated pfd limit for protecting IMT BS.
2	Consideration on the method to calculate the aggregated pfd limit for the protection of IMT BS
Step 1: Generate the interference scenario
Two options can be considered as the interference scenarios.
① Considering the scenario that DC-MSS-IMT is only deployed in a specific area, calculate the aggregated PFD limit based on the interference situation of satellites in this area to the IMT BSs in adjacent areas.
② Considering the scenario that DC-MSS-IMT is only prohibited from operating in a specific area, calculate the aggregated pfd limit based on the interference of all the visible satellites outside this area to the IMT BSs within that area.
The size and location of the deployment area and the prohibited deployment area in the above scenarios, as well as the location of the IMT BS, can be specifically set according to the simulation scenarios.
Step 2: For a specific scenario, generate all the satellites according to the orbital parameters, and determine the satellites that are visible to the IMT BS and in operation.
Step 3: For a specific time Ti, calculate the aggregated interference to the IMT BS


where:
	:	Aggregate interference power density from satellites, dBW/MHz
	:	Interference power density from j-th beam of n-th satellite, dBW/MHz
	:	Satellite transmit power density, dBW/MHz
	:	Satellite antenna gain in the direction of IMT BS taking into account the main beam of satellite is pointing to its serving UE, dBi
	:	IMT BS antenna gain in the direction of satellite, dBi
	:	Propagation loss, dB
	:	other losses, such as feeder loss
	:	The number of visible satellite from the view of IMT station
	:		The number of beams of one satellite.
Step 4: Calculate the difference between the aggregated interference and the protection criteria.

	:	The difference between the aggregated interference and the protection criteria, which is also the required additional isolation that is needed to protect IMT BSs.
Step 5: Calculate the aggregated pfd value produced at the IMT BS


where:
	:	Aggregated PFD from satellites, dB(W/m2·MHz)
	:	PFD from j-th beam of n-th satellite, dB(W/(m²·MHz))
	:	Satellite transmit power density, dBW/MHz
	:	Satellite antenna gain in direction of IMT BS, dBi
	:	Distance between n-th satellite and IMT BS, m.
Step 6: Calculate the PDF limit derived according to the specific scenario at the time Ti

where:
	:	Required PFD limit to protect IMT BSs at the time Ti, dB(W/(m²·MHz)).
Step 7: Set the simulation step size of the time as t, advance the time by one step size, regenerate the  position of satellites, and repeat Steps 2-6.
Step 8: Simulate M simulation step sizes to ensure that the total simulation duration covers at least one cycle of the constellation’s operation.
Step 9: Analyse the study results. According to the M PFD limits that obtained through the above steps, a CDF curve of pfd limits can be obtained. If the non-exceedance probability in the IMT criteria is X%, the pfd limit required should take the point of (100-X)% on the CDF curve.



Study I (Doc. 5D/739 (Ericsson))
Introduction 
Different regulatory measures (PFD per satellite, aggregate PFD, EPFD and aggregate EPFD) are under discussion for protection of IMT from harmful interference due to DC-MSS-IMT in studies under WRC-27 agenda item 1.13.
In this contribution, we provide some comments on proposed regulatory measures for protection of IMT UE and IMT BS and propose values for PFD/EPFD limits.
[bookmark: _Hlk199158016]Discussion 
When defining PFD/EPFD limits for protection of terrestrial IMT from DC-MSS-IMT, the interference budget must be partitioned among all potential interfering satellites (all visible DC‑MSS-IMT satellites either in one constellation or in multiple constellations). A simplified approach to partition the interference budget among multiple systems is to define multi-system aggregation factor. Both “maximum aggregate PFD/ EPFD limits” and “PFD /EPFD limits per system (single entry limit)” need to be defined to ensure protection of terrestrial IMT UE and IMT BSs from DC-MSS-IMT systems,
In addition, to ensure protection of terrestrial IMT, verification procedures to examine the compliance of DC-MSS-IMT systems with PFD/EPFD limits must be defined. There is a procedure available in ITU to verify the compliance of non-GSO systems with EPFD limits derived for protection of GSO earth stations. That procedure could potentially be modified to be used for verifying the compliance of DC-MSS-IMT systems with EPFD limits defined for protection of IMT UE and BSs.
Protection of terrestrial IMT from multiple DC-MSS-IMT systems
As discussed in Document 4C/336, there is the potential of receiving interference from at least two DC-MSS-IMT systems at the border of many countries. Therefore, when defining PFD/EPFD limits per system, a procedure to ensure protection of terrestrial IMT from potential interference from multiple DC-MSS-IMT systems must be identified. 
A simplified approach could be considering a multi-system aggregation factor, for example 3 dB to reflect the possibility of interference due to two MSS-DC-IMT systems which could be actively transmitting co-frequency in visibility of the border. We have used this approach in this contribution. 
Protection of IMT UE from DC-MSS-IMT
Since IMT UE has an isotropic antenna, the values for aggregate PFD and EPFD limits derived from the IMT UE receiver characteristics are equal. While the compliance of MSS systems with aggregate PFD limits are not examined by ITU, there is an ITU procedure to verify the compliance with EPFD limits. Therefore, in case of aggregate PFD limits, a procedure to examine the compliance of DC-MSS-IMT systems with those limits must be defined.
To protect IMT UE from harmful interference due to MSS-DC-IMT, the maximum aggregate PFD/EPFD due to all visible satellites operating co-frequency (either in one constellation or in multiple constellations) should not exceed the value obtained by equation (1). 
	(1)
where:
	: 	Boltzmann’s constant (-228.6 dB(W/(K  Hz)))
	: 	receiver noise temperature (300 K)
	: 	reference bandwidth (1 MHz)
	:	receiver noise figure in dB
	:	protection criterion in dB
	: 	antenna gain of IMT UE in dB.
Considering 3 dB multi-system aggregation factor, aggregate PFD/EPFD limit per system (single entry PFD limit) can be obtained using equation (2)
		 	(2)
In Table 1, we propose maximum aggregate PFD and EPFD limits (considering interference from multiple DC-MSS-IMT systems) and aggregate PFD and EPFD limits per system for protection of UE. The proposed values are obtained using equation (1) and (2), assuming the lowest frequency in each frequency range and the protection criterion of I/N = ‒20 dB. We note that the protection criterion is still under discussion in WP 5D and the proposed values might need to be updated later.
TABLE A1-25
Aggregate PFD/ EPFD limits in dB(W/(m² . MHz)) for protection of IMT UE
	Frequency range 
	< 1 GHz
	1.5 GHz
	> 2 GHz

	UE antenna gain (dBi)
	‒3 dBi
	‒3 dBi
	‒3 dBi

	Noise figure (dB)
	9
	9
	9

	I/N (dB)
	‒20
	‒20
	‒20

	Frequency (MHz) for calculating PFD values
	700
	1500
	2000

	Maximum aggregate PFD/ EPFD limit 
	‒134
	‒127
	‒124

	Aggregate PFD/ EPFD limit per system
	‒137
	‒130
	‒127



Protection of IMT BS from DC-MSS-IMT
To ensure protection of BSs from DC-MSS-IMT, the total interference received by the BS from all interfering satellites, either belong to one system or multiple systems, should be equal to the BS maximum tolerable interference. The interference received by BS from multiple interfering satellites depends on the gain of the BS towards the satellites. Therefore, to derive the limits for protection of BSs, one has to take into account the effect of the antenna gain correctly (see Doc. 5D/525 for more details and explanation).
As discussed in Document 5D/525, compared to aggregate PFD limits, EPFD limits take into account the aggregate interference due to all transmitting stations within a satellite constellation considering the directional antenna gain of the victim receiver towards interfering satellites. In addition, the ITU procedure to verify the compliance of non-GSO systems with EPFD limits derived for protection of GSO earth stations could potentially be modified to be used for ensuring protection of IMT BSs.
However, when defining aggregate PFD limits for protection of BSs, two issues must be addressed:
1)	How to take into account the antenna gain of the BS towards different interfering satellites?
2)	How can ITU verify the compliance of a MSS system with aggregate PFD limits?
EPFD limits for protection of BSs
Defining EPFD like the definition of EPFD in Article 22.5C.1, using gain of BS toward horizon () as the maximum gain of the BS toward interfering satellites, we have
			(3)
The maximum aggregate EPFD limit for protection of BSs can be obtained from the BS receiver characteristics as:
	(4)
Considering 3 dB multi-system aggregation factor, EPFD limit per system (single entry EPFD limit) can be obtained as
		 	(5)
Maximum aggregate EPFD and EPFD per system for non-AAS BSs in rural deployment are obtained and summarized in Table 2.
TABLE A1-26
EPFD limits in dB(W/(m² . MHz)) for protection of non-AAS IMT BS
	Frequency range
	< 1 GHz
	1.5 GHz
	> 2 GHz

	Peak of antenna gain (dBi)
	18
	18
	18

	Downtilt (degree)
	3
	3
	3

	 (dBi)
	16
	16
	16

	Noise figure (dB)
	5
	5
	5

	Feeder loss (dB)
	3
	3
	3

	I/N (dB)
	‒20
	‒20
	‒20

	Frequency (MHz) for calculating PFD values
	700
	1500
	2000

	Maximum aggregate EPFD 
	‒154
	‒147
	‒144

	EPFD per system 
	‒157
	‒150
	‒147  



Aggregate PFD limits for protection of BSs
The aggregate PFD from a constellation at the location of IMT BS is 
	 	(6)
To be able to define aggregate PFD limit for protection of BS, one idea is to model the BS as a receiver with an isotropic antenna with the equivalent gain of , where  needs to be estimated after doing sharing studies. Note that the value of  depends on the satellite constellation parameters, particularly the number of satellites in the constellation. 
With this modeling, the maximum aggregate PFD for protection of BSs can be obtained in a way similar to IMT UE. Therefore, 

 	(7)
Considering 3 dB multi-system aggregation factor, aggregate PFD limit per system (single entry limit) can be obtained as
 	(8)
Maximum aggregate PFD and aggregate PFD per system for non-AAS BSs in rural deployment are obtained and summarized in Table 3.
TABLE A1-27
Aggregate PFD limits in dB(W/(m² . MHz)) for protection of non-AAS IMT BS
	Frequency range 
	< 1 GHz
	1.5 GHz
	> 2 GHz

	Peak of antenna gain (dBi)
	18
	18
	18

	Downtilt (degree)
	3
	3
	3

	 (dBi)
	16
	16
	16

	
	TBD
	TBD
	TBD

	Noise figure (dB)
	5
	5
	5

	Feeder loss (dB)
	3
	3
	3

	I/N (dB)
	‒6
	‒6
	‒6

	Frequency (MHz) for calculating PFD values
	700
	1500
	2000

	Maximum aggregate PFD
	
	
	

	Aggregate PFD per system 
	
	
	



Proposal
Based on the discussion and analysis presented in this contribution, it is proposed to:
•	consider including both “maximum aggregate PFD/ EPFD limits” and “PFD /EPFD limits per system (single entry limit)” for protecting terrestrial IMT UE and IMT BSs from DC-MSS-IMT systems;
•	consider 3 dB multi-system aggregation factor when defining PFD/ EPFD limits per system (this value might need to be updated);
•	update working document on studies for the regulatory considerations to protect terrestrial IMT systems under WRC-27 agenda item 1.13 (Annex 4.6 to Document 5D/563) as proposed in the attachment. Note that the attachment shows only section 5 “Regulatory limits for the frequency bands within the range 694-2700 MHz” of the of the working document with track changes activated as no changes proposed to the other sections.


ANNEX 2
Factors impacting the aggregate interference from
DC-MSS-IMT TO terrestrial IMT
Study A (Doc 5D/543 (F))
The factors impacting the aggregated interference from MSS for the Protection of IMT TN under WRC-27 agenda item 1.13
Protection of International Mobile Telecommunication (IMT) terrestrial networks is achieved by considering the number of satellites visible from a given location on Earth, its variation over time due to the constellation satellite motions, and as a function of the minimum elevation angle.
Constellation characteristics
The constellation characteristics are based on [Document 4C/156] and shown in Table 1.
TABLE A2-1
Parameters of orbital configuration
	Altitude (km)
	Inclination (deg)
	Planes
	Sats per plane
	RAAN spacing (deg)
	Total number of sats

	500
	55
	60
	60
	6
	3600



Methodology and results
Simulation of the satellite constellation at 5 different epochs (starting from epoch t0 = 2019/08/12 12:00:00), regularly spaced between time t = t0 and t = t0 + 7T, with T being the orbital period (T = 5677s / 94.6 minutes).
Considering an Earth Station at a given location on Earth, e.g., at the French border, given by:
lat = 46.250°, lon = 6.217°, alt = 0 Km
The number of satellites visible from an Earth Station is determined based on the elevation angle relative to the Station’s ground location. This can be evaluated for different thresholds of the elevation angle, such as theta>20°, theta>10°, or theta>0°. The results are shown in Table 2.
TABLE A2-2
Number of satellites visible from a given location on Earth [lat = 46.250°, lon = 6.217°, alt = 0 Km],
according to the elevation angle w.r.t. the ground location
	Time 
	0
	1.75T
	3.5T
	5.25T
	7T

	Nb of visible satellites with theta > 0°
	188
	189
	191
	186
	193

	Nb of visible satellites with theta > 10°
	96
	95
	100
	95
	100

	Nb of visible satellites with theta > 20°
	51
	52
	53
	47
	51

	Max theta [°]
	64.4
	63.5
	72.3
	68.5
	83


The number of visible satellites is almost constant over the time, since the considered constellation is very dense with 60 orbital planes of 60 satellites each. For a visibility defined by theta > 20°, almost 50 satellites are visible from the Earth Station at the given location. For a visibility higher than the horizon (theta > 0°), the number of visible satellites are much higher, almost 188 visible satellites.
FIGURE A2-1
CDF of the elevation angles of satellites which are visible for a given location on Earth
Theta >0°
theta>10°
Theta >20°

FIGURE A2-2
CDF of the distance distribution of satellites which are visible for a given location on Earth
Theta >20°
Theta >10°
Theta >0°

Figures 1 and 2 show the statistical distribution (CDF) of the elevation angles (theta) and the distances between the Earth station’s location at the ground and each visible satellite. The probability of high elevation angles, corresponding to small separation distances, is low.
FIGURE A2-3
Number of visible satellites as a function of the latitude of the Earth Station
[image: C:\Users\mazloum\sat_projects\NbSatellite_latitude_at_5_samples_7period.png]
Figure 3 shows that the number of visible satellites varies with the latitude of the Earth Station.
Analysis
The aggregation factor depends on the number of visible satellites. From an UE perspective, all visibility directions are equivalent. However from a BS perspective, it depends on the beam orientation of the BS, which amplifies some directions while attenuating others. In other words, the pfd will be more constraining for low elevation angles than for high elevation angles.
The aggregation factor could be based on the assumption that all satellites in visibility are strictly complying with the pfd mask. However, it may be useful to include consideration of how such a dense satellite constellation manage the communications towards the UE when several satellites have good visibility. In addition, the aggregation factor may be distributed over various elevation angles in a differentiated mode (e.g. more for low elevation angles and less for high elevation angles) in order to have a pfd mask fitting better the satellite antenna performance.



Study B (Doc 5D/652 (RUS))
Analysis of interference from DC-MSS-IMT multiple satellite systems
In the below analysis, the mutual interference from three DC-MSS-IMT satellite systems operating in the same frequency band in three different neighbouring countries is considered.
Annex 7 to Document 4C/356 provides the preliminary proposed technical characteristics of DC‑MSS-IMT systems towards technical studies under WRC-27 agenda item 1.13 which could be used as the basis of the study. Detailed technical characteristics are summarized in Tables 1 and 2.
TABLE A2-3
Parameters of orbital configuration
	[bookmark: _Hlk196470912]System ID
	Altitude (km)
	Inclination
(deg)
	# Planes
	Sats per plane
	RAAN spacing
(deg)
	Total number of sats

	System 1
(non-GSO)
	680
	97
	12
	60
	6
	720

	System 2
(non-GSO)
	500
	55
	60
	60
	6
	3 600

	System 3
(non-GSO)
	525
	53
	28
	120
	12.9
	3 360

	
	340
	53
	48
	110
	7.5
	5 280


TABLE A2-4
Parameters of DC-MSS-IMT satellite systems 
	
	Parameter
	Unit
	System 1
	System 2
	System 3

	Downlink (Space-to-Earth)
	Frequency band
	MHz
	2 620-2 690
	2 620-2 690
	2 620-2 690

	
	Emission bandwidth
	MHz
	5
	5
	5

	
	S/S Transmitter power
	dBW
	‒10...16
(min, max)
	13
	-

	
	S/S EIRP 
	dBW
	26 … 52
(min, max)
	51.1
	-

	
	EIRP spectral density
	dBW/Hz
	‒41 … ‒15
(min, max)
	‒15.9
	‒18.1 dBW/Hz @EL 90°(1)

	
	S/S antenna pattern
	n/a
	S.1528
	M.2101
	S.1528

	
	S/S peak antenna gain
	dBi
	38
	47.5
	34.1

	
	Single element antenna gain
	dBi
	-
	4.15
	-

	
	Antenna array configuration
(Row × Column)
	-
	-
	50×50
	-

	Notes to the Table:
(1)	In terms of modelling the variation of PFD with slant path, several options can be considered, and correspond to several ways operators manager real-world operations:
•	Keep PFD constant on the ground, i.e. adjust EIRP at the satellite to ensure a constant PFD on the ground regardless of the slant path / arrival angle.
•	Keep EIRP constant at the satellite: this implies that the PFD value contained in Table 1 is only ensured at Nadir, while it will be lower at lower elevation, i.e. as the slant path increases.
•	Hybrid mode: some systems adjust the EIRP to ensure constant PFD on the ground only up to a certain elevation angle, after which the EIRP is not increased more, thus the PFD decreases as the elevation angle decreases.


FIGURE A2-4
Modelling of the System 1
[image: ]
FIGURE A2-5
Modelling of the System 2
[image: ]
FIGURE A2-6
Modelling of the System 3
[image: ]
Methodology of simulation
Interference from the ith active satellite station was calculated using the following expression:

where:
	PiRSS – 	power of the ith satellite (in Watts);
	GTx – 	gain of the transmitting satellite (in absolute);
	GRx – 	gain of the interference receiving station (in absolute);
	d – 	Distance between transmitter and receiver (in meters)
	λ – 	Wavelength of the signal (in meters);
	c – 	Speed of light;
	f – 	Frequency of the signal (in Hz).
The total interference-to-noise ratio from all interfering satellites is calculated using: 

where:
	IiRSS – 	interfernence power from each ith interfereing satellites (in Watts); 
	B – 	bandwidth of the victim receiver (in Hz);
	T – 	noise temperature of the victim receivier (in Kelvin);
	k – 	Bolzmann’s constant.
To calculate the statistical distribution of interference levels, the following algorithm was applied:
Step 1: For each time step during the simulation period, the following are computed:
‒	The position of each interfering station (DC-MSS-IMT).
‒	The location of the victim receiving station (DC-MSS-IMT).
‒	The angle between:
•	the direction from the interfering station to the victim receiver, and
•	the main axis of the antenna of each interfering space or ground station.
‒	The gain of the transmit antenna of each interfering space/ground station in the direction of the victim receiver.
‒	The distance between each interfering space station and the victim receiving station.
‒	The gain of the victim receiver’s antenna in the direction of each interfering station.
‒	The resulting interference power at the input of the victim receiver from each interfering station.
Step 2: These calculations are repeated for all time steps within the simulation interval, using a fixed time resolution. This process produces a dataset of I/N values over time.
Step 3: Based on the dataset generated in Step 2, the cumulative distribution function (CDF) of the I/N for the space-to-Earth link is generated.
To estimate possibility of aggregation of interference from multiple satellite systems it was assumed that those systems will operate in the same frequency band and the territory of three neighbouring countries. Each system was operating within the borders of the respective country. Figure 4 illustrates the scenario where two systems operate on the adjacent territories of two countries.
FIGURE A2-7
Scenario of operation of two DC-MSS-IMT systems
[image: ]
It was also taken into account that the level of interference largely depends on the separation distances between the DC-MSS-IMT user equipment (UE) and the coverage area of interfering space system in the adjacent countries.
For each system the interference was calculated for different separation distances from border: 10 km, 20 km, 30 km, 40 km and 50 km.
Figure 5 illustrates distribution of user terminals at different distances from the border.
FIGURE A2-8
Distribution of DC-MSS-IMT UEs
[image: ]
The analysis was based on modelling and simulation of interface from DC-MSS-IMT satellite system operating on the territory of a neighbouring country without implementation of any possible mitigation techniques.
Figures 6-11 show the I/N levels cumulative distribution functions obtained for each system simulations for different separation distances.
FIGURE A2-9
I/N levels from System 1 towards DC-MSS-IMT UE of System 2
[image: ]
FIGURE A2-10
I/N levels from System 1 towards DC-MSS-IMT UE of System 3
[image: ]
FIGURE A2-11
I/N levels from System 2 towards DC-MSS-IMT UE of System 1
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FIGURE A2-12
I/N levels from System 2 towards DC-MSS-IMT UE of System 3
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FIGURE A2-13
I/N levels from System 3 towards DC-MSS-IMT UE of System 2
[image: ]
FIGURE A2-14
I/N levels from System 3 towards DC-MSS-IMT UE of System 1
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The results of the simulations showed significant interference levels between different DC-MSS-IMT systems. Such interference levels are due to the dynamic behavior of MSS systems and the use of omnidirectional antennas in user terminals. The use of certain mitigation techniques will ensure the coexistence of such systems. Thus, it can be concluded that for a number of the cases multiple systems will not be able to operate on the same or immediately adjacent territory in the same frequency band without any mitigation techniques.
Analysis of a specific geographical case
The analysis presented above illustrates a generic scenario; however, due to the geographical diversity in certain regions, alternative configurations may arise. One such case is shown in Figure 12, where a portion of the Russian Federation lies geographically between Kazakhstan and Mongolia. 
FIGURE A2-15
Type of configuration where aggregate interference factor may be required
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As illustrated in Figure 13, the distance between the DC-MSS-IMT UE of different systems is substantial. This spatial separation facilitates effective coexistence between the two DC-MSS-IMT systems. Nonetheless, interference experienced by terrestrial IMT systems can vary considerably, particularly when comparing aggregate interference from multiple systems to that generated by a single system. Such a situation is plausible in practice—for instance, if Kazakhstan is served by System 3 and Mongolia by System 2. 
FIGURE A2-16
Distances between protected terrestrial IMT station from DC-MSS-IMT UEs for this example
[image: ]
Figure 14 illustrates the mutual interference between System 2 and System 3. The results indicate that in this configuration, both DC-MSS-IMT systems demonstrate compatibility, maintaining sufficient interference margins no matter what protection criterion would be considered. 
FIGURE A2-17
Interference between System 2 and System 3
[image: ]
However, in scenarios involving the concurrent operation of multiple DC-MSS-IMT systems, there exists a potential for aggregate interference impacting terrestrial IMT systems. Figure 15 quantifies this interference at a terrestrial UE situated equidistantly between the DC-MSS-IMT user terminals. The results highlight the disparity between interference from a single DC-MSS-IMT system and the cumulative effect of both systems operating simultaneously. The results show that aggregate interference difference from single system interference from 3 to 5 dB, which means that aggregate factor may be needed for some cases. 
FIGURE A2-18
Interference from System 2, System 3 and aggregate from both systems to terrestrial IMT UE
[image: ]
The results presented above indicate that aggregate interference can be significantly higher than individual contributions. In some cases, interference from a single system may remain below the trigger level for protection for terrestrial IMT systems (I/N = –6 dB). However, when aggregated with interference from other sources, this threshold can be exceeded. This demonstrates that evaluating systems in isolation—without considering the cumulative impact — may lead to the incorrect conclusion that DC-MSS-IMT is compatible with terrestrial IMT services. At the same time, it should be taken into account that such cases might be rare in practice, therefore further studies are needed to determine whether aggregation factor is required. 
Conclusion
The analysis demonstrates that in a number of cases multiple DC-MSS-IMT satellite systems will not be able to operate on the same or immediately adjacent territory in the same frequency band without causing interference to each other. In order for such systems to co-exist it is necessary to use certain mitigation techniques such as separation distances or operation in the different blocks of spectrum.
Nevertheless, certain configurations demonstrate the potential for compatibility between DC-MSS-IMT systems, albeit with an increased likelihood of aggregate interference to terrestrial IMT networks. Preliminary assessments suggest that in these scenarios, an aggregate factor – ranging from 3 to 5 dB may be required to maintain acceptable performance. Further studies are necessary to refine this estimate, and more comprehensive results will be presented at the next meeting.
Study C (Doc 5D/713 (CHN))
1	Introduction
To analyse the aggregate interference from the envisaged MSS systems (designated as “DC-MSS-IMT”) to IMT user equipment (UE), Working Party (WP) 5D asked WP 4C to provide additional information “that might help in the estimation of the aggregate interference to IMT receivers from different MSS satellites or systems”. 
With respect to aggregate interference from space stations of single and/or multiple DC-MSS-IMT systems into incumbent services, WP 4C has not concluded its assessment as indicated in the initial reply liaison statement to WP 5D from WP4C (Doc. 5D/597). Based on the DC-MSS-IMT technical and operational characteristics as stated in the WP4C reply liaison statement, WP 4C will continue to work toward modelling DC-MSS-IMT systems and to investigate the issue of aggregate interference from single and/or multiple DC-MSS-IMT systems. 
In this document, this administration would like to provide its considerations and analysis of the aggregate interference from DC-MSS-IMT systems to terrestrial IMT UE in the border area for consideration and discussion in the WP 5D meeting.
2	Discussion
2.1 	Consideration on the modelling of DC-MSS-IMT satellite beams
A)	Operational management:
It is noted that a DC-MSS-IMT system will manage and control its beam pointing of the satellites through its operation control centre. The satellite downlink beams will direct to specific areas under authorization based on the access requirements of IMT UE, while meeting the regulatory requirements to protect the incumbent services, including terrestrial IMT networks. Therefore, only sidelobe of the satellite beams may contribute to the potential interference to an IMT receiver that is within a neighbouring unauthorized administration’s territory. 
B)	Intra-system interference avoidance
For a DC-MSS-IMT system, to avoid its intra-system interference adequate distance must be maintained between the co-frequency beams, either from the same satellite or different satellites. This distance can be determined through the intra-system C/I (Carrier-to-Interference) ratio, where “I” represents the aggregate sidelobe interference from co-frequency beams within the same system. To ensure the C/I ratio meets system requirements, an appropriate isolation distance must be maintained between co-frequency beams, which is primarily determined by the sidelobe degradation or suppression characteristics of the satellite antennas. 
C)	Sharing and compatibility between DC-MSS-IMT systems
For the sharing and compatibility between different DC-MSS-IMT systems, they need to implement interference mitigation techniques, such as service area isolation, frequency segmentation and/or other methods, based on their negotiation under coordination procedure of the RR, to meet their sharing and compatibility. Based on our system simulation, different DC-MSS-IMT systems cannot use the same frequency channel to cover the same area simultaneously and they have to set up enough geographical isolation to ensure the required frequency sharing and compatibility between their systems. 
2.2	Study on the protection of IMT UE from potential interference of DC-MSS- IMT systems  
2.2.1	Technical characteristics
2.2.1.1	Technical characteristics of DC-MSS-IMT systems
The Technical characteristics of DC-MSS-IMT systems are summarized in Tables 1, 2 and 3.
TABLE A2-5
Parameters of orbital configuration
	System
	Altitude (km)
	Inclination (deg)
	Planes
	Sats per plane
	RAAN spacing (deg)
	Total number of sats

	A
	525
	53
	28
	120
	12.9
	3360

	B
	500
	55
	60
	60
	6
	3600


TABLE A2-6
Parameters of carriers of dc-MSS-imt systems
	Downlink (Space-to-Earth)
	Parameter
	Unit
	System A
	System B

	
	Frequency band
	MHz
	2155
	2155

	
	Emission Bandwidth
	MHz
	5
	5

	
	S/S Transmitter power
	dBW
	12.79
	13

	
	S/S Maximum EIRP
	dBW
	46.89
	48.2

	
	S/S Maximum EIRP density
	dBW/Hz
	-20.1
	-18.8

	
	S/S Antenna pattern
	n/a
	Recommends 1.4 of
ITU-R S.1528
	M.2101

	
	Min Elevation
	°
	20
	35


TABLE A2-7
Parameters of antenna pattern of dc-mss-imt
	Antenna Model
	Parameters
	Unit
	Value

	System A
	Recommends 1.4 of 
ITU-R S.1528
	S/S Peak antenna gain
	dBi
	34.1

	
	
	radial and transverse sizes of the effective radiating 
area of the satellite transmit antenna
	m
	1.6

	
	
	side-lobe ratio 
	dB
	20

	
	
	number of secondary lobes
	/
	2

	System B
	ITU-R M.2101*
	Single element antenna gain
	dBi
	4.11

	
	
	Antenna array configuration(Row×Column)
	/
	36×36

	
	
	Horizontal 3dB beamwidth of single element
	°
	118

	
	
	Vertical 3dB beamwidth of single element
	°
	112

	
	
	Horizontal radiating element spacing
	dH/λ
	0.5

	
	
	Vertical radiating element spacing
	dV/λ
	0.5

	
	
	Horizontal Front-to-back ratio
	dB
	30

	
	
	Vertical Front-to-back ratio
	dB
	30

	*Note: There is currently no available ITU-R recommendation in force to simulate satellite phased array antenna for DC-MSS-IMT system sharing and compatibility studies. The satellite engineering design and antenna gain simulation is based on Recommendation ITU-R M.2101 complimented with antenna orientation parameter.


2.2.1.2	Technical characteristics of IMT network
The technical characteristics of IMT networks operating in the frequency bands between 1 and 2.7 GHz are outlined in Section 4 of the Working document (Annex 4.2 to Document 5D/413) on the characteristics of the terrestrial component of IMT for sharing and compatibility studies in preparation for WRC-27.
Detailed parameters of IMT networks are as follows.
TABLE A2-8
IMT Network Deployment-related parameters
	Parameters
	

	BS cell radius / deployment density
	0.2-0.8 km

	BS sector number
	3 sectors


TABLE A2-9
IMT UE parameters
	Parameters
	

	UE number per BS sector
	3

	UE height
	1.5 m

	Typical antenna gain for UE
	−3 dBi

	Body loss 
	4 dB


2.2.1.3	Radiowave propagation models
In accordance with the liaison statement from WPs 3L/3M to WP5D (Document 5D/167), Recommendation ITU-R P.619-5 is utilized to assess interference between stations in space and those on the surface of the Earth.
2.2.2	Methodology
2.2.2.1	Scenarios
This contribution presents two simulation scenarios for analyzing the potential aggregate interference from DC-MSS-IMT systems to IMT network, considering interference from a single DC-MSS-IMT system and multiple DC-MSS-IMT systems respectively.
2.2.2.1.1 	Scenario 1 of IMT UEs interfered by a single DC-MSS-IMT system
In Scenario 1, IMT UEs experience interference from a single DC-MSS-IMT system, as illustrated in Figure 1. In this scenario, a DC-MSS-IMT system provides service in country A and country B simultaneously. A terrestrial IMT network of Country C is deployed at the cross-border area of Countries A, B and C, where Country C shares borders with both Country A and Country B. By comparation, the final result needs to choose the severe one in the interference potential to the terrestrial IMT network in Country C.
For the DC-MSS-IMT system, in order to prevent intra-interference, it is necessary to establish an isolation distance between co-frequency beams. The isolation distance is depicted in Figure 1, represented by the radius of the dashed circle to indicate that other co-frequency UE could not be set within the circle.
[bookmark: _Ref966]FIGURE A2-19
 Scenario 1 with IMT UE interfered by a single DC-MSS-IMT system
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2.2.2.1.2	Scenario 2 of IMT UEs interfered by multiple DC-MSS-IMT systems
In Scenario 2, IMT UEs experience interference from multiple DC-MSS-IMT systems, as illustrated in Figure 2. In this scenario, DC-MSS-IMT system A provides service in Country A and DC-MSS-IMT system B provides service in Country B. IMT network of Country C is also deployed at the cross-border area of Countries A, B and C.
FIGURE A2-20
Scenario 2 with IMT UEs interfered by multiple DC-MSS-IMT systems
[image: ]
Similar to the isolation distance in section 2.2.2.1.1, due to the utilization of the co-frequency beams, different DC-MSS-IMT systems cannot operate simultaneously in the same area. Therefore, an additional isolation distance is required between DC-MSS-IMT systems to ensure compatibility and spectrum sharing, as indicated by the width between the blue dotted lines shown in Figure 2. 
2.2.2.2	Methodology 
A simulation method is used to evaluate the interference from DC-MSS-IMT systems to the IMT network. Main steps of the simulation are listed as follows.
Step 1：Determine the range of simulation area
In the single DC-MSS-IMT system scenario described in section 2.2.2.1.1, a DC-MSS-IMT system serves UEs in Country A and Country B simultaneously. In the multiple DC-MSS-IMT systems scenario described in section 2.2.2.1.2, two DC-MSS-IMT systems serve UEs in Country A and Country B respectively. To comprehensively estimate the potential interference to the IMT network, the aggregate interference from all visible satellites of IMT UE is considered. The size of service area in Country A and Country B is set at 2500 km in length and 2500 km in width. 
Step 2：Generate DC-MSS-IMT satellites/UEs and IMT BSs/UEs
The spatial topology location of DC-MSS-IMT satellites is generated at time T. The DC-MSS-IMT UEs directly connected with DC-MSS-IMT space stations are randomly deployed within the countries A and B served by the DC-MSS-IMT systems, and may choose and access the satellite having highest elevation angle based on satellite selection strategy. To avoid the intra-system interference from other user links within the DC-MSS-IMT system, we set the required isolation among UEs as mentioned above, the specific value of isolation distance is given in section 3.1.
The IMT BS is deployed at the cross-border interconnected area of Countries A, B, and C, and IMT UEs are randomly generated within the BS sectors.
Step 3：For the multiple DC-MSS-IMT systems scenario mentioned in section 2.2.2.1.2, simulate the isolation distance between DC-MSS-IMT systems 
The simulation process of isolation distance between DC-MSS-IMT systems is shown in Figure 3.
In Figure 3, DC-MSS-IMT UEs colored in orange are deployed along the border between Country A and Country B to directly connect to space stations of DC-MSS-IMT system A. It should be noted that, in real application, whether UEs of System A can deploy to the border of Country B depends on relevant agreement of Country B. Meanwhile, DC-MSS-IMT UEs colored in blue are randomly deployed in Country B, which are served by DC-MSS-IMT system B.
In order to protect DC-MSS-IMT system A from the potential interference of DC-MSS-IMT system B, the geofencing should be configured starting from the border of these two countries, and extending into Country B’s territory. In this process, the isolation distance (representing the geofencing width) gradually increases from zero to , , until the requirement of spectrum sharing and compatibility is satisfied. 
And in the opposite direction, to protect System B from System A, the above process is also applicable.
The required isolation distance corresponds to the minimum geofencing extension width at which the maximum interference-to-noise (I/N) ratio meets the -6 dB protection threshold.
FIGURE A2-21
Simulation process of isolation distance between DC-MSS-IMT systems
[image: ]


Step 4：Simulate the positions of satellite constellation over a period of time and calculate the aggregate interference from DC-MSS-IMT satellites to IMT network at each time step.
The aggregate interference level is determined by all active satellites in the considered DC-MSS-IMT systems within the visible range of IMT UEs.
		  	(1)
		  	(2)
where:
	: 	Aggregate interference power from DC-MSS-IMT satellites, dBW
	: 	Interference power from j-th beam of n-th space station of m-th DC-MSS-IMT system, dBW
	: 	DC-MSS-IMT satellite transmit power, dBW
	: 	DC-MSS-IMT satellite antenna gain in the direction of IMT UE taking into account the main beam of DC-MSS-IMT satellite is pointing to its serving DC-MSS-IMT UE, dBi
	: 	IMT UE antenna gain in the direction of DC-MSS-IMT space station, dBi
	: 	Propagation loss, dB
	: 	Body Loss for IMT UE, dB
	: 	The number of DC-MSS-IMT systems involved in the calculation
	: 	The number of visible active space stations from the view of IMT UE
	: 	The number of beams of one satellite.
3	Results
This section provides the simulation results and analysis of interference from DC-MSS-IMT systems into IMT UEs in the above two scenarios, based on the methodology mentioned in Section 2.2.2.
3.1	Intra-system isolation distance
For the evaluation of intra-system interference, C/N-C/(I+N) < 2 dB was set as the accepted threshold of a DC-MSS-IMT system. The isolation distance for two beams of DC-MSS-IMT systems are given in Figure 4 and Figure 5. According to the simulation results, the intra-system isolation distance was set at 120 km for DC-MSS-IMT System A and 100 km for System B.
FIGURE A2-22
Intra-system isolation distance (System A)
[image: ]
FIGURE A2-23
 Intra-system isolation distance (System B)
[image: ]
3.2	Isolation distance between DC-MSS-IMT systems
With an I/N < -6 dB as protection threshold between different DC-MSS-IMT systems, the compatible isolation distances between system A and system B are 160 km and 130 km (shown as Figures 6 and 7), respectively. To ensure the coexistence under mutual interference, the isolation distance between DC-MSS-IMT systems is set at 160km. 
FIGURE A2-24
 Isolation distance between DC-MSS-IMT systems (Distance of System A)
[image: ]
FIGURE A2-25
 Isolation distance between DC-MSS-IMT systems (Distance of System B)
[image: ]
3.3 	Results of aggregate Interference in different scenarios
Based on the aforementioned steps, this section presents interference simulation results. For Scenario 1, referring to the scenarios described in Section 2.2.2.1.1 and the comparation of the interference potential to the terrestrial IMT network in Country C from system A and B, we consider DC-MSS-IMT system A serves both Country A and Country B that has equivalent number of space stations, and calculate their interference to IMT UEs in Country C. For Scenario 2, similarly, we consider DC-MSS-IMT system A and B serves Country A and Country B respectively, and calculate the aggregate interference to IMT UEs in Country C. 
According to the simulation result, it shows that the aggregate interference in Scenario 2 from multiple DC-MSS-IMT systems A and B is not greater than the aggregate interference from the space stations coming from a signal DC-MSS-IMT system.
FIGURE A2-26
 Aggregated Interference of different scenarios 
[image: ]
4	 Proposal 
From a technical point of view, we agree that terrestrial IMT networks can potentially receive interference from multiple satellites within one DC-MSS-IMT system. We also agree that the pfd value for the protection of terrestrial IMT network is defined only based on terrestrial IMT protection criteria and its characteristics.
Based on the above analysis and the simulation result, it shows that the potential aggregate interference from multiple DC-MSS-IMT systems is smaller than the aggregate interference coming from the space stations of a signal DC-MSS-IMT system. Therefore, based on a single DC-MSS-IMT system to model and conduct sharing and compatibility study to protect IMT receiver is appropriate where the pfd level, if any, should also be applied to a single DC-MSS-IMT system. Accordingly, no aggregation factor needs to be considered for the protection of IMT network.


Study D (Doc. 5D/754 (F))
1	Introduction
For the protection of IMT terrestrial network from the envisaged direct communication between MSS and IMT, it is required to decide which approach is the most suitable for this purpose, whether pfd per satellite, epfd, or aggregated pfd. In this context, this contribution aims to:
‒	Analyse and evaluate the aggregation factor from different satellites within the same constellation system;
‒	Analyse and evaluate the aggregation factor of interferences from multiple systems at the boundary of at least three countries;
‒	Propose a regulatory approach to protect the terrestrial IMT networks. 
The current study concerns the protection of IMT user equipment (UE). 
2	Scenario
Consider the border line shared by three different countries, countries A, B, and C, such as the tri-border area between France, Germany, and Switzerland. The scenario is depicted in Figure 1. 
Suppose that countries B and C (such as Germany and Switzerland) each authorizes the direct communication between the MSS and the IMT TN. The MSS operates over the same frequency band in both countries, but each terrestrial cell is covered by a single satellite, single system, at a given frequency band.   
The objective of this contribution is to evaluate the aggregated interference, in particular from different systems authorized in neighboring countries. As a starting point, we consider the same constellation characteristics for coverage in both countries (These characteristics are shown in Table I of the Annex 1, referring to System 2 in the Document 4C/356 (Annex 7)). We aim to evaluate the interference at several points distributed along the border region of country A (such as France), as shown in Figure 1. The measurement point P0 corresponds to the border tri-point where the three countries meet. The remaining points are positioned around P0, spaced 5 km apart. 
FIGURE 27
Cross-border interference scenario to protect IMT TN in country A 
from two MSS systems covering neighboring countries
P4          P1
P3          P0
P5          P2

System 1covering country B
System 2 covering country C
Country A: 
No MSS coverage

3	Methodology and statistical analysis
At each measurement point along the border region, the interference from each constellation system  results from the integration of the received powers  from all visible satellites () covering a neighboring country.  The interference is calculated as:

We note that the calculation considers the coverage of all the satellites that are visible from the measurement point. 
At each cross-border measurement point, the total interference from both systems can be assessed as follows: 

The protection criteria to protect the IMT TN is expressed in terms of interference to noise ratio I/N with a value of ‒6 dB. 
The protection of IMT TN in a country A relies on whether each MSS system needs to respect the I/N limit independently or jointly. To help in this matter, we propose to evaluate the apportionment/aggregation factor β, as follows:

Similarly, but at the level of a single MSS system, the evaluation of the aggregation factor α from interference powers received from different satellites of the same MSS system could help to understand how the interference power is distributed and whether there is a dominant interference direction. The aggregation factor α is assessed as, where  is the highest interference received from a visible satellite:

4	Scenario settings and parameters
Regarding the functionality of the MSS systems, we consider the following: 
‒	Beam placement: fixed beam cells on ground, of a size of 30 km.
‒	Satellite selection strategy: At a given time t, the selected satellite may be at any elevation angle, provided it is higher than a minimum threshold (25° in this study). Consequently, a satellite is randomly selected per grid cell. 
‒	Satellite Tx power control: Satellite Tx power is set to maintain a constant pfd at ground level, regardless of the elevation angle and the corresponding slant distance. 
‒	Satellite antenna model: ITU-R M.2101, with a single beam per satellite
‒	Mitigation technique: No mitigation techniques or isolation distances are considered in this analysis.
We consider the satellite constellation described in Table I of the Annex 1. The orbital period of this constellation is T = 5677 s / 94.6 minutes. The satellite constellation is simulated at different epochs, regularly spaced at 20 s intervals, starting from time t=0 (12/08/2019 12:00:00) until (12/08/2019  18:18:20), covering a period of nearly 6 hours.
The measurement point P0 corresponds to the cross-border tri-point France-Germany-Switzerland, given by:
lat = 47.590°, lon = 7.589°, alt = 0 km
The operating frequency is 2 600 MHz.
5	Results
Figure 2 shows the CDF of the interference to noise ratio I/N from each system, as well as the total interference observed at all measurement points. If each system respects an I/N limit of ‒6 dB at the cross-border area, the aggregated interference may still exceed the protection criteria of the IMT TN UE. Therefore, an aggregation (or apportionment) should be defined to manage interference from multiple systems. This apportionment factor is statistically represented in Figure 3, both per measurement point and across all points combined. The highest apportionment factor of 3 dB should be considered when no percentage for the exceedance of the I/N protection criteria is allowed. However, if a certain percentage is allowed for exceedance, a lower apportionment factor may be considered, for example β= 2.6 dB for 20%- exceedance.
FIGURE A2-28
Cdf of I/N ratio of each system and the total I/N from both systems
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FIGURE A2-29
Cdf of the apportionment factor β at each measurement point and all combined
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FIGURE A2-30
Cdf of the aggregation factor α at each measurement point and all combined
[image: A graph with colored lines

AI-generated content may be incorrect.]
Figure 4 shows the CDF of the aggregation factor α, which is equal to 5.4 dB at 80 %. 
6	Conclusion
The results show that an apportionment factor of at least β=2.6 dB is required to protect the terrestrial IMT network with 20% of exceedance of the protection criteria.


Study E (Doc 5D/713 (CHN))
Preliminary DL interference aggregation factor simulations
A1	Simulation assumptions
The assumptions used in this preliminary DL interference aggregation factor simulations are summarized in Table A1-1.
TABLE A2-10
Preliminary assumptions
	Number of satellites
	600

	Average satellite station altitude
	360 km

	Satellite station antenna patterns
	Multi-beams (256 per satellite station)
Configuration: 30x30
Antenna beam gain: 26 dBi

	Frequency 
	1800 MHz

	Minimum elevation angle
	25°


A2	Simulation method
The simulation scenario is illustrated in Figure A1-1, the north east borderline between France and Germany was chosen in the simulations. Country A is Germany, and Country B is France.
FIGURE A2-31
Simulation scenarioborderline














In this preliminary simulation, the link from satellite to ground based UE is considered as Line Of Sight, the clutters around the ground UE was not used.
1)	The first step is to simulate the CDF of I_system 
2)	Select the simulation I_max among the I_k which meet the condition of 99% of I_ system /N <= −6 dB.
3)	Simulate the CDF of a = 10*log10(I_system / I_max )  
A3	Preliminary simulation result
The preliminary simulation result is plotted in Figure A1-1.
FIGURE A2-32
Interference aggregation factor
[image: ]
The preliminary simulation results in Figure A1-2 indicate at 99%, the a = 10*log10(I_system / I_max ) ≈ 11.6 dB.


ANNEX 3 
Considerations on the regulatory measures
[Document 5D/478 (CHN)]
The possible new allocations to the mobile-satellite service (MSS) for direct connectivity between space stations and IMT user equipment (UE) is to complement terrestrial IMT network coverage and may provide direct connectivity to underserved communities in rural and remote areas, in particular in the event of network failures of terrestrial IMT and natural disasters, where the same IMT UE is used. 
[bookmark: OLE_LINK1]The possible frequency usage of the new MSS allocation under the above scenario and the management of the MSS network is similar to terrestrial IMT network for which it could be achieved through the cooperation between satellite operator and local terrestrial network operator and then be authorized or directly authorized by the administration within its territory. The application of this kind of MSS system within a country can be implemented according to its own usage requirements and conditions while not causing interference to other administrations. 
Therefore, it is necessary to consider the issue of potential harmful interference to terrestrial IMT networks of neighbouring countries from a country where the new MSS application has been authorized (Figure1). The possible regulatory measures for this kind of potential harmful interference could comprehensively refer to the existing bilateral coordination and/or protection requirement of terrestrial IMT networks between neighbouring countries.
Figure A3-1
Diagram of the interference scenario of MSS systems to the IMT system between neighbouring countries


It is impossible to allow different MSS systems or different beams of the same MSS system to be used in the same frequency and in the same area because of the non-directionality of IMT terminals’ antenna. Therefore, in the process of potential harmful interference assessment to protect a neighbouring countries’ terrestrial IMT network, it is proposed to set up a PFD value by considering the potential aggregate interference from one MSS system.
And two methods on how to use the calculated PFD value in regulatory measures are under consideration, 
	Alternative 1: to set up a PFD value as a coordination trigger to initiate the bi-lateral coordination between concerned administrations.
	Alternative 2: to set up a PFD limit for protection of the concerned administrations’ territorial IMT network.
Additionally, it should be also noted that the 2 GHz band usage is shared between existing MSS and IMT systems and the required compatibility is reached through interference mitigation techniques pursuant to Resolution 212 (Rev.WRC-23). Refer to No. 389F too.
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PFD (dBW/m²/MHz)




Envelope pfd mask for sub-GHz bands

Envelope pfd_698 MHz	0	0.25	0.5	0.75	1	1.25	1.5	1.75	2	2.25	2.5	2.75	3	3.25	3.5	3.75	4	4.25	4.5	4.75	5	5.25	5.5	5.75	6	6.25	6.5	6.75	7	7.25	7.5	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.5	11.75	12	12.25	12.5	12.75	13	13.25	13.5	13.75	14	14.25	14.5	14.75	15	15.25	15.5	15.75	16	16.25	16.5	16.75	17	17.25	17.5	17.75	18	18.25	18.5	18.75	19	19.25	19.5	19.75	20	20.25	20.5	20.75	21	21.25	21.5	21.75	22	22.25	22.5	22.75	23	23.25	23.5	23.75	24	24.25	24.5	24.75	25	25.25	25.5	25.75	26	26.25	26.5	26.75	27	27.25	27.5	27.75	28	28.25	28.5	28.75	29	29.25	29.5	29.75	30	30.25	30.5	30.75	31	31.25	31.5	31.75	32	32.25	32.5	32.75	33	33.25	33.5	33.75	34	34.25	34.5	34.75	35	35.25	35.5	35.75	36	36.25	36.5	36.75	37	37.25	37.5	37.75	38	38.25	38.5	38.75	39	39.25	39.5	39.75	40	40.25	40.5	40.75	41	41.25	41.5	41.75	42	42.25	42.5	42.75	43	43.25	43.5	43.75	44	44.25	44.5	44.75	45	45.25	45.5	45.75	46	46.25	46.5	46.75	47	47.25	47.5	47.75	48	48.25	48.5	48.75	49	49.25	49.5	49.75	50	50.25	50.5	50.75	51	51.25	51.5	51.75	52	52.25	52.5	52.75	53	53.25	53.5	53.75	54	54.25	54.5	54.75	55	55.25	55.5	55.75	56	56.25	56.5	56.75	57	57.25	57.5	57.75	58	58.25	58.5	58.75	59	59.25	59.5	59.75	60	60.25	60.5	60.75	61	61.25	61.5	61.75	62	62.25	62.5	62.75	63	63.25	63.5	63.75	64	64.25	64.5	64.75	65	65.25	65.5	65.75	66	66.25	66.5	66.75	67	67.25	67.5	67.75	68	68.25	68.5	68.75	69	69.25	69.5	69.75	70	70.25	70.5	70.75	71	71.25	71.5	71.75	72	72.25	72.5	72.75	73	73.25	73.5	73.75	74	74.25	74.5	74.75	75	75.25	75.5	75.75	76	76.25	76.5	76.75	77	77.25	77.5	77.75	78	78.25	78.5	78.75	79	79.25	79.5	79.75	80	80.25	80.5	80.75	81	81.25	81.5	81.75	82	82.25	82.5	82.75	83	83.25	83.5	83.75	84	84.25	84.5	84.75	85	85.25	85.5	85.75	86	86.25	86.5	86.75	87	87.25	87.5	87.75	88	88.25	88.5	88.75	89	89.25	89.5	89.75	90	-139.61293049139999	-139.28475616863901	-138.93032790005799	-138.54964568565501	-138.142709525432	-137.70951941938901	-137.250075367524	-136.764377369838	-136.252425426332	-135.71421953700499	-135.14975970185699	-134.559045920888	-133.942078194098	-133.29885652148701	-132.62938090305599	-131.933651338804	-131.21166782873101	-130.853104694167	-130.68178237712499	-130.517962281422	-130.36115608400999	-130.21091953237899	-130.06684727714901	-129.92856844733001	-129.79574284308001	-129.66805764477701	-129.54522455611399	-129.42697731384399	-129.31306950873801	-129.20327267190601	-129.09737458831401	-128.995177805644	-128.89649831172599	-128.801164358005	-128.70901540992099	-128.61990120799601	-128.53368092577699	-128.45022241276001	-128.36940151214	-128.29110144457999	-128.21521225041801	-128.14163028372499	-128.07025775247601	-128.00100229984699	-127.933776622254	-127.868498120296	-127.805088579246	-127.743473876097	-127.683583710547	-127.625351357596	-127.56871343968599	-127.513609716556	-127.459982891172	-127.407778430261	-127.356944398165	-127.307431302821	-127.259191952828	-127.21218132465	-127.166356439108	-127.121676246376	-127.07810151881399	-127.03559475097801	-126.99412006625499	-126.95364312960101	-126.914131065907	-126.875552383567	-126.837876902857	-126.801075688765	-126.765120987956	-126.72998616955	-126.695645669472	-126.66207493809	-126.62925039093901	-126.597149362298	-126.565750061435	-126.535031531339	-126.504973609777	-126.475556892509	-126.446762698537	-126.418573037252	-126.39097057734899	-126.363938617409	-126.337461058038	-126.31152237547199	-126.286107596554	-126.261202274993	-126.23679246885	-126.212864719151	-126.189406029579	-126.166403847175	-126.143846043992	-126.121720899645	-126.10001708471	-126.078723644916	-126.057829986096	-126.037325859852	-126.017201349887	-125.997446858977	-125.97805309655099	-125.959011066828	-125.940312057505	-125.921947628956	-125.903909603904	-125.88619005757199	-125.86878130824699	-125.85167590827901	-125.83486663546	-125.818346484776	-125.802108660521	-125.78309911887099	-125.71714718019101	-125.651733630687	-125.586849751363	-125.522487033323	-125.458637171075	-125.395292056099	-125.33244377066799	-125.27008458190799	-125.20820693608999	-125.146803453136	-125.085866921337	-125.02539029227501	-124.96536667592299	-124.905789335938	-124.846651685125	-124.787947281065	-124.729669821903	-124.671813142289	-124.61437120946201	-124.557338119479	-124.50070809357101	-124.44447547462499	-124.388634723804	-124.333180417259	-124.27810724298	-124.223409997735	-124.16908358412201	-124.115123007718	-124.06152337432501	-124.00827988730499	-123.955387845004	-123.90284263826101	-123.850639747998	-123.798774742886	-123.747243277092	-123.696041088087	-123.64516399453601	-123.59460789424899	-123.544368762191	-123.49444264856299	-123.44482567694	-123.395514042459	-123.346504010076	-123.297791912861	-123.249374150356	-123.201247186976	-123.153407550464	-123.10585183038	-123.058576676648	-123.01157879813999	-122.96485496129699	-122.918401988798	-122.872216758261	-122.826296200985	-122.780637300726	-122.735237092509	-122.690092661468	-122.645201141733	-122.60055971532699	-122.556165611111	-122.512016103752	-122.46810851271501	-122.424440201292	-122.381008575645	-122.337811083888	-122.294845215184	-122.252108498868	-122.20959850360001	-122.167312836527	-122.12524914248201	-122.08340510319201	-122.041778436516	-122.000366895692	-121.959168268615	-121.918180377124	-121.877401076315	-121.836828253862	-121.796459829367	-121.756293753714	-121.716328008448	-121.67656060516499	-121.636989584921	-121.59761301765	-121.558429001599	-121.519435662779	-121.480631154428	-121.44201365648	-121.403581375063	-121.365332541987	-121.327265414267	-121.28937827363799	-121.25166942609501	-121.214137201437	-121.17677995282	-121.139596056328	-121.10258391054801	-121.065741936154	-121.02906857550499	-120.992562292249	-120.956221570938	-120.920044916647	-120.88403085460899	-120.84817792985299	-120.81248470685	-120.77694976916899	-120.741571719142	-120.70634917752901	-120.67128078319899	-120.63636519281501	-120.601601080523	-120.56698713765	-120.532522072411	-120.498204609616	-120.464033490391	-120.430007471897	-120.396125327061	-120.36238584431	-120.328787827311	-120.29533009471599	-120.262011479913	-120.228830830785	-120.195787009464	-120.162878892104	-120.13010536864699	-120.097465342601	-120.064957730817	-120.032581463277	-120.00033548288	-119.968218745237	-119.936230218464	-119.904368882989	-119.87263373135001	-119.841023768013	-119.809538009173	-119.77817548258101	-119.746935227359	-119.715816293822	-119.68481774330699	-119.653938648004	-119.623178090786	-119.592535165049	-119.56200897455101	-119.53159863325099	-119.501303265161	-119.471122004189	-119.44105399399299	-119.41109838783601	-119.381254348441	-119.351521047852	-119.321897667293	-119.292383397039	-119.262977436277	-119.23367899297899	-119.20448728377301	-119.17540153381699	-119.146420976676	-119.117544854202	-119.08877241641299	-119.060102921376	-119.031535635094	-119.00306983139301	-118.97470479181	-118.946439805484	-118.918274169052	-118.890207186539	-118.862238169261	-118.834366435717	-118.80659131149601	-118.77891212917299	-118.75132822821701	-118.72383895489401	-118.69644366217599	-118.669141709649	-118.641932463421	-118.614815296036	-118.587789586387	-118.560854719632	-118.534010087105	-118.507255086239	-118.48058912048199	-118.454011599219	-118.42752193769	-118.401119556918	-118.374803883627	-118.348574350175	-118.322430394471	-118.296371459911	-118.270396995304	-118.2445064548	-118.21869929782299	-118.19297498900499	-118.167332998116	-118.1417728	-118.116293874512	-118.09089570645	-118.065577785499	-118.040339606163	-118.015180667709	-117.990100474104	-117.96509853396201	-117.940174360477	-117.91532747137499	-117.890557388853	-117.86586363952701	-117.84124575437301	-117.81670326867901	-117.792235721989	-117.767842658053	-117.743523624774	-117.719278174159	-117.695105862269	-117.671006249172	-117.64697889889	-117.62302337936001	-117.599139262378	-117.57532612356	-117.551583542293	-117.527911101694	-117.504308388562	-117.480774993336	-117.457310510054	-117.433914536309	-117.410586673211	-117.38732652534	-117.364133700712	-117.34100781073499	-117.317948470175	-117.29495529710999	-117.27202791289901	-117.249165942141	-117.22636901264001	-117.20363675536601	-117.18096880442199	-117.158364797007	-117.13582437338199	-117.11334717683501	-117.090932853647	-117.06858105305901	-117.04629142724001	-117.04629142724001	-117.04629142724001	-117.04629142724001	-117.04629142724001	-117.04629142724001	-117.04629142724001	-117.04629142724001	-117.04629142724001	-117.04629142724001	-117.04629142724001	-117.04629142724001	-117.04629142724001	Angle of arrival θ (°)   


PFD (dBW/m²/MHz)




Envelope pfd mask for bands >1 GHz
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