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In preparation of the Ku Band Normative work, we present few topics on the coexistence aspects of the Ku Band.
The purpose of the co-existence study is to arrive at a realistic and practical values of the Adjacent Channel Leakage Ratio (ACLR) and Adjacent Channel Selectivity (ACS) between Satellite Services in the Ku Band and possible terrestrial services.
For this sample analysis we assume a stationary VSAT UE device and three satellite types. 
Furthermore, few realistic scenarios that could be deployed are considered. 
Before we begin the co-existence analysis, we first look at the Electromagnetic Spectrum around the Ku band.
The envisaged co-existence analysis would be between two 3GPP services. Any co-existence studies with non-3GPP Services would be out of scope. 
Discussion
The analysis presented in this contribution follows in the footsteps of the analysis presented by the Ka band [1] and the work presented to date in 3GPP RAN4 for the Ka Band (above 10 GHz work) 
We begin this analysis by highlighting proposed Ku Band Satellite summary for three main Satellite types i.e. GEO, MEO and LEO. Other segments and satellite type to be considered during the Normative Phase of the work.

[bookmark: _Ref157415077]Table 1 Ku Band Satellite Parameters
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	Ku-band
(i.e. 14 GHz for UL)
	5 m
	0.5 m
	0.5 m

	Satellite EIRP density
	
	FFS dBW/MHz 
	FFS dBW/MHz
	FFS dBW/MHz

	Satellite Tx max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi

	3dB beamwidth
	
	0.295 deg
	2.948 deg
	2.948deg

	Satellite beam diameter (Note 2)
	
	184 km
	62 km
	31 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	Ku-band (i.e. 12 GHz for DL )
	5 m
	0.5 m
	0.5 m

	G/T
	
	28.3 dB K-1
	8.3 dB K-1
	8.3 dB K-1

	Satellite RX max Gain
	
	55.4 dBi
	35.4 dBi
	35.4 dBi

	NOTE 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of [2].
NOTE 2: This beam size refers to the Nadir pointing of the satellite. 
NOTE 3: All these satellite parameters are applied per beam.
NOTE 4: The EIRP density values are considered identical for all frequency re-use factor options.
NOTE 5: The EIRP density values are provided assuming the satellite HPA is operated with a back-off of [5] dB.



And for the VSAT we assume the following parameters 

Table 2 KU Band VSAT Parameters
	Characteristics
	VSAT (Note 1)

	Frequency band
	Ku-band (i.e. 14 GHz UL and 12 GHz DL)

	Antenna type and configuration
	Directional
Section 6.4.1 of [2] with 60 cm equivalent aperture diameter

	Polarisation
	Circular

	Rx Antenna gain 
	36.7 dBi 

	Antenna temperature
	150 K

	Noise figure
	1.2 dB

	Tx transmit power
	2 W (33 dBm)

	Tx antenna gain
	35.1 dBi

	NOTE 1:	VSAT terminal characteristics could be implemented with phased array antenna















Ku Band Spectrum Map
 Before we proceed with co-existence scenario, it is worth having a look at the Ku Band and services adjacent to the Ku Band. The following figure illustrates the Ku Band Spectrum in three ITU Regions, 
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[bookmark: _Ref156569043]Figure 1 Ku Band Spectrum in the Three ITU Regions
The Ku Band spectrum consists of one large Download and two segmented Uplink Bands, see Figure 1. The Ku Band covers the following segments in the ITU Regions 1 and 3
Downlink 	10.70-12.75 GHz
Uplink A 	12.75-13.25 GHz
Uplink B	13.75-14.50 GHz

And with a slight difference of 50 MHz in the Downlink band, the Ku Band covers the following segments for ITU Region 2. 
Downlink 	10.70-12.70 GHz
Uplink A 	12.70-13.25 GHz
Uplink B	13.75-14.50 GHz


However, the Electromagnetic Spectrum around the Ku Band is pretty crowded, and the following figure illustrates the actual licensed services around the Ku band and also a few planned terrestrial services, see following Figure 2:
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[bookmark: _Ref157171131]Figure 2 Electromagnetic Spectrum around the Ku Band
With reference to Figure 2 we can observer that:
1- There are Radio Astronomy Bands between 10.68 and 10.70 GHz.
2- In Regions 1 and 3, there are Multiple Scientific Services Bands between 10.40 and 10.68 GHz.
3- In Regions 1 and 3, spectrum between 10.0-10.40 is reserved for Scientific Services.
4- In Region 2, 10.0-10.5 GHz band was identified for IMT(5G/6G) services by WRC-23 in 12 countries. Please note that part of this band (10.0-10,4 GHz) band is shared with Scientific Services.
5- The spectrum between 12.75-13.25 GHz is reserved for Fixed Satellite Services.
6- The spectrum between 13.25-13.75 GHz is reserved for Scientific Services and military NATO Radar.
7- The spectrum between 13.75-14.80 GHz is reserved for Fixed Satellite Services. 
8- The spectrum between 14.80-15.35 GHz has been selected to be studied for IMT services for WRC-27 meeting: this band is currently under study and no services have yet been assigned.
Thus, we can observe that there are no terrestrial services adjacent to the Ku Band

Realistic Interference Scenarios 
The objective of this study is to evaluate the interference between two 3GPP based services (one for Uplink and another for Downlink); any analysis with non-3GPP based is out of scope. 
Various realistic interference scenarios are illustrated in the following Figure 3. 
[image: A diagram of a satellite

Description automatically generated]
[bookmark: _Ref156568783]Figure 3 Possible Interferance Scenairos between VSAT, UE, gNodeB and the Satellite
To study the interference between a satellite system and a terrestrial system, bearing in mind that the nearest terrestrial services may be far away from the Ku Band, we are left with a few frequency locations to conduct this co-existence study: the only suitable locations are shown in following Figure 4.
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[bookmark: _Ref157176025]Figure 4 location of Interfering Carrier for the Existence Study

With reference to Figure 4, we can observe that: 
· There is an existing radioastronomy, a scientific, and a radar bands adjacent to and within the Ku Band.
· There are no allocated terrestrial band in the vicinity of the Ku Band and as such there will not be any terrestrial services in the foreseeable future around the Ku Band.
· The only area that we can perform Ku Uplink Band co-existence study would be between 13.75-14.50 GHz and the IMT Services between 14.80-15.35 GHz to be studied 2027 (this band is currently under study and no services have yet been assigned).
· The only area that we can perform Ku Downlink Band co-existence study would be in Region 2 and it would be between 10.7-12.7 GHz and the IMT Services between 10.0-10.5 GHz (assigned).
· All current radioastronomy, scientific and military services to be protected. This follows that all scientific services adjacent to the planned IMT services between 10.0-10.5 GHz must be protected.

Bearing in mind the Ku Band spectrum, Figure 4, there are a few possible interference combinations available which are tabulated in the following Table 3
[bookmark: _Ref156568589]Table 3 Realistic Interference Scenarios
	No.
	Combination
	Aggressor
	Victim
	Notes on the Ku Band
	Scope of Coexistence Simulation

	1
	TN with NTN
	VSAT UL
	UE UL
	Ku Band VSAT uplink interfering with gNodeB receiver.
	The ACLR of the VSAT to be varied/defined.
The ACS of the gNodeB is fixed.

	2
	TN with NTN
	UE UL
	VSAT UL
	UE uplink interfering with Ku Band Satellite receiver.
	The ACLR of the UE is fixed.
The ACS of the satellite to be varied/defined.

	3
	TN with NTN
	VSAT UL
	gNodeB DL
	Ku Band VSAT uplink interfering with UE receiver.
	The ACLR of the VSAT to be varied/defined.
The ACS of the UE is fixed.

	4
	TN with NTN
	gNodeB DL
	VSAT UL
	gNodeB downlink interfering with Ku Band Satellite receiver.
	The ACLR of the gNodeB is fixed.
The ACS of the Satellite to be varied/defined.

	5
	TN with NTN
	gNodeB DL
	Satellite DL
	gNodeB downlink interfering with Ku Band VSAT receiver.
	The ACLR of the gNodeB is fixed.
The ACS of the VSAT to be varied/defined.

	6
	TN with NTN
	Satellite DL
	gNodeB DL
	Ku Band Satellite downlink interfering with UE receiver.
	The ACLR of the Satellite to be varied/defined.
The ACS of the UE is fixed.

	7
	TN with NTN
	Satellite DL
	UE UL
	Ku Band Satellite downlink interfering with gNodeB receiver.
	The ACLR of the Satellite to be varied/defined.
The ACS of the gNodeB is fixed.

	8
	TN with NTN
	UE UL
	Satellite DL
	UE uplink interfering with Ku Band VSAT receiver.
	The ACLR of the UE is fixed.
The ACS of the VSAT to be varied/defined.

	NOTE 1:	For coexistence between Ku Band DL and adjacent TN bands, there are no 3GPP defined/specified TN bands.
	




One realistic interference scenario is illustrated following Figure 5 where the Ku Band VSAT Uplink signal is interfering with gNodeB’s receiver. 
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[bookmark: _Ref156576420][bookmark: _Ref156576409]Figure 5 Interference Scenario 1 of Table 3
Scenario 3 is illustrated in the following Figure 6 
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[bookmark: _Ref157503472]Figure 6 Scenario 3 of Table 3
And a Downlink Scenario 5 is illustrated in the following Figure 7. Where the gNodeB’s downlink signal is interfering with VSAT’s receiver. 
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[bookmark: _Ref156990262]Figure 7 Interference Scenario 5 of Table 3
For the Full list of scenarios, please see section 5.1 in the Technical Annex 
How to Determine ACLR and ACS 
To arrive at a tangible and practical ACLR and ACS values for the Ku Band Services, and due to absence of any terrestrial Services around the Ku Band we are left with no option but to use the FSS band and conduct Uplink co-existence with the IMT Study band between 14.80 – 15.35 GHz, and Downlink co-existence with the IMT Study band between 10.0 – 10.4 GHz (Region 2 only).
Here we are assuming that the FSS band between 14.50-14.80 GHz would have Satellite Uplink Services[footnoteRef:1] for Feeder Links for land-based Gateways. This is illustrated in the following Figure 8.  The co-existence study between Fixed Satellite Services band between 14.5-14.8 GHz with IMT between 14.8-15.35 GHz is outside the scope of this document. [1:  Except for use in accordance with Resolution 163 (WRC-15) and Resolution 164 (WRC-15), the use of the frequency band 14.5-14.8 GHz by the fixed-satellite service (Earth-to-space) is limited to feeder links for the broadcasting-satellite service. This use is reserved for countries outside Europe. Uses other than feeder links for the 
In principle, Satellite operators who have been granted operating license in the Ku Band, in principle, can also utilise 14.50-14.80 GHz spectrum for Uplink Feeder Link through gateways. ] 
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[bookmark: _Ref157419605]Figure 8 Interference Scenarios Adjacent and within the Ku Band
With reference to Figure 8 we observe that to conduct an Uplink co-existence study with any terrestrial services we could use the following interferes
· f interferer1 at 14.80 GHz, (IMT)
· f interferer2 at 14.50 GHz (FSS)
The above two interferers would be used to analyse the level of interference in the Ku Band Uplink B and the planned terrestrial band. 
To arrive at ACLR and ACS in the Downlink direction our attention is drawn to the lower part of the band where we observe that:
1- In Regions 1 and 3, the spectrum between 10.0–10.4 GHz is reserved for Scientific Services
2- In Region 2 there is a recently assigned IMT band between 10.0-10.40 GHz 
Consequently, there are no room for terrestrial services in Regions 1 and 3 and the only location to perform the co-existence with terrestrial band would be in Region 2.
Therefore, two interferes that could be used in Region 2 are:
· f interferer 3 @ 10.70 GHz (FSS)
· f interferer 4 @ 10.50 GHz (IMT)
See also Figure 8.
Several assumptions must be made for this analysis: 
· The transmit mask of the terrestrial services in Region 2, between 10.0-10.50 GHz, ACLR and ACS is yet to defined as per 3GPP Specification. 
· The transmit mask of the terrestrial services between 14.5-14.8 GHz, ACLR and ACS is yet to defined as per 3GPP Specification. 
· The transmit mask of the Ku Band services is yet to be defined and the filter characteristics must be within practical filter design limits. It follows that the ACLR, and the ACS of the Ku Band system must be specified within practical and realistic filter design limits. 
In our co-existence analysis, we will be looking for:
1. Level of interference from the terrestrial services into the Ku satellite/VSAT band
2. Level of interference from the Ku satellite/VSAT band into terrestrial services. 
To arrive at a workable level for future services, the levels of interference and filter rejections must be practical and realistic as shown in the following Figure 9.
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[bookmark: _Ref157071452]Figure 9 RF interference from interferer into the victim and filter characteristics 

Conclusion
In this contribution we have illustrated that spectrum around the Ku Band has been assigned to various radio-astronomy, scientific, and NATO radar bands and there is no spare spectrum to deploy terrestrial services adjacent to the Ku Band. It must be re-iterated here that all existing service must be protected. 
For the Uplink direction, the co-existence analysis could be conducted between Ku Band Uplink band B and terrestrial band at 14.8-15.35 GHz.  The Terrestrial frequency of 14.8 GHz could be assumed.  The uplink has a guard-band of 300 MHz between Ku Band Uplink B and the proposed IMT band for study.
For the Downlink direction in Region 2, the co-existence analysis could be conducted between Ku Band Downlink band at 10.7-12.7 GHz and terrestrial band at 10.0-10.5 GHz.  The terrestrial frequency of 10.5 GHz could be assumed.  The downlink has a guard-band of 200 MHz between Ku Band Downlink and newly assigned IMT band.
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Technical Annex
[bookmark: _Ref157619019]Co-existence Scenarios 
In this section all eight co-existence scenarios are illustrated. 
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Figure 10 Coexistence Scenario 1: VSAT uplink interfering with gNodeB receiver.
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Figure 11 Co-existence Scenario 2: UE uplink interfering with Satellite receiver.
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Figure 12 Co-existence scenario 3: VSAT uplink interfering with UE receiver.
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Figure 13 Co-existence Scenario 4: gNodeB downlink interfering with Satellite receiver.
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Figure 14 Co-existence Scenario 5: gNodeB downlink interfering with VSAT receiver.
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Figure 15 Co-existence Scenario 6: Satellite downlink Interfering with UE receiver.
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Figure 16 Co-existence Scenario 7: Satellite downlink interfering with gNodeB receiver. 
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Figure 17 Co-existence Scenario 8: UE uplink interfering with VSAT receiver.  



ACLR and ACS: What are we looking for?
In this series of analysis, it is essential to determine the level of RF interference from an interferer into the victim’s receiver: and this is measured as Adjacent Channel Leakage Ratio (ACLR) levels. This is measured in dBc and with respect from the carrier frequency’s carrier power levels. 
For the receiver to be able to deter the interference signal, it needs to reject or attenuate the interfering signal in its pass band, and this measure in the Adjacent Channel Selectivity (ACS). The ACS is usually measured as a ratio in decibels (dB). See following Figure 18.
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[bookmark: _Ref156985683]Figure 18 ACLR and ACS
In practical terms, the ACLR and ACS are measure of the Scattering Parameters of a typical filter characteristics where: 
· ACLR is the passthrough response, also known as the S21, which represents the level of RF signal passed in the passband and in the stop band 
· ACS is the attenuation level of the filter in the stop band, also know as the S11, is the level of the RF signal attenuated in the stop band 
A typical Filter Response is shown in the following Figure 19
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[bookmark: _Ref156986423]Figure 19 Typical Bandpass Filter Response
In practical implementations, the Transmit Mask and Filter characteristics, must be specified and designed within realistic and practical limits, as shown in the following Figure 20.
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[bookmark: _Ref157507984]Figure 20 Practical Bounds of Transmit Mak and Filter Characteristics.
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