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Introduction
In this contribution we present a summary of a gap analysis between Normative work conducted to date for the Ka Band study and future Ku Band work,
The summary presented in this contribution is collated from earlier Status report of the NR_NTN_solutions work item reports submitted to the RAN Plenary from the start of the Ka Band work.
The intention of this contribution is to provide a high-level view of the forthcoming topics and not to give specific parameter values. 

Discussion
In order to ease the upcoming Normative work on the Ku Band standardisation and to use the working groups’ time more efficiently, a number of key topics can be adapted from the work undertaken to date for the Ka Band, however as Ku Band is on a different spectrum a number of fundamental works, such as Ku Band Numerology, have to addressed afresh, 
Section 3 of this document lists topics and features that would require a fresh approach and Section 4 lists features that could be used from previous work carried out for the Ka Band, 

Ku Band Specific Work
The following topics would require a fresh approach as the parameters and requirements would be different form the Ka Band: 
Satellite Constellation 
· GEO Stationary (GEO) 
· Medium Earth Orbit (MEO) 
· Low Earth Orbit (LEO) 
Satellite parameters
· Overall Satellite Parameters to be defined see following Table 1

[bookmark: _Ref149572718]Table 1 Ku Band Satellite Parameters for System Level Simulator Calibration to be defined. 
	Satellite orbit
	GEO
	MEO
	LEO

	Satellite altitude
	35786 km
	 8000 ~ 20000 km
	600-1200 km

	Satellite antenna pattern
	TBD
	TBD
	TBD

	Equivalent Satellite Antenna Aperture 
	Ku-band 
	TBD
	TBD
	TBD

	G/T
	
	TBD
	TBD
	TBD

	Satellite Rx Max Gain
	
	TBD
	TBD
	TBD

	Half-Power Beamwidth of Main and Adjacent Beams
	
	TBD
	TBD
	TBD

	Satellite Beam Diameter
	
	TBD
	TBD
	TBD

	G/T
	
	TBD
	TBD
	TBD

	Satellite RX Max Gain
	
	TBD
	TBD
	TBD

	Antenna Gain
	
	TBD
	TBD
	TBD

	Noise Figure (NF) 
	
	TBD
	TBD
	TBD

	
	
	TBD
	TBD
	TBD

	




Spectrum and Band Plan
· Operating Bands and Channel Spacing 
· Uplink and Downlink Bandwidths  
· Uplink and Downlink Frequency
· Downlink and Uplink Band Pairing 
· Downlink Frequency Range 
· Uplink Frequency Range 
· Uplink and Downlink band pairing (Band numbering and terminology) 
· Tx-Rx Frequency Spacing 
· Subcarrier Spacing 
· FR2 Bands 
· FR1 Band 
· Define sub-carrier spacing  
· Ku Band Rasters 
· 60 and 120 KHz 
· [other Raster options?] 
· Channel Numbering 
· Cyclic Prefix 
· Normal
· Extended
· Global Synchronization Channel Number (GSCN) see following Table 2 and Table 3:

[bookmark: _Ref149572737]Table 2 NR-ARFCN for NTN Ku-Band to be defined. 
	Operating Band
	ΔFRaster
(kHz)
	Uplink and Downlink
Range of NREF
(First – <Step size> – Last)

	
	TBD
	TBD – <1> – TBD 

	
	TBD
	TBD – <2> – TBD 

	




[bookmark: _Ref149572751]Table 3 GSCN for NTN Ku-band to be defined 
	NR Operating Band
	SS Block SCS
	SS Block pattern1
	Range of GSCN
(First – <Step size> – Last)

	
	TBD
	TBD
	TBD- <1> - TBD

	
	TBD
	TBD
	TBD - <2> - TBD



Device Types
· Stationary VSAT (Ground Based) 
· Parabolic Dish Antenna 
· Phase Array Antenna
· Other Device Types
· Devices to support Terrestrial and Non-Terrestrial Networks 

· Mobile VSAT (Ground Based) 
· Parabolic Dish Antenna 
· Phase Array Antenna
· Other Device Types
· Devices to support Terrestrial and Non-Terrestrial Networks 

· Earth Station In Motion (ESIM) 
· ESIM on board aircraft (Aeronautical ESIM), 
· ESIM on board ships (Maritime ESIM) and 
· ESIM on board land vehicles (Land ESIM).

· Conducted and Radiated Requirements 
· How to define Tx Radiated Requirements
· How to define Rx Conducted Requirements 

Power Classes for Devices 
· Power Classes for Stationary VSAT
· Power Classes for Mobile VSAT 

Device Characteristics
· Transmitter Characteristics
· Receiver Characteristics 

Gateway (GTW) / Satellite Access Node (SAN)
· GTW or SAN Types
· Receiver Characteristics
· Specify satellite access node demodulation requirements.
· Noise Figure
· G/T value 
· ACLR Characteristic
· Phase Noise 
· SAN output power 
· Output power dynamics
· Radiated Power in EIRP
· RF power control dynamic range
· Total power dynamic range
· Transmit ON/OFF power.
· Transmitted signal quality
· Frequency error
· Modulation quality
· Time alignment error
· Unwanted emissions
· Occupied bandwidth.
· Adjacent Channel Leakage Power Ratio
· Operating band unwanted emissions
· Transmitter spurious emissions
· Transmitter intermodulation
Further requirements:
· Reference sensitivity level
· Dynamic range 
· ACS
· In-band blocking
· Out of band blocking
· Receiver spurious emission
· Receiver intermodulation
· In-channel selectivity


RAN4 Specific Topics
Baestation Types and BSRF Test Demodulation 
The following Topics and Features would need a fresh approach. 

· Basestation Types 
· NTN gNodeB Types/Classes to be defined: 

· Basestation output power
· Output power 
· Output power and Regulatory Conditions 
· Dynamic Range to be defined. 
· Total Dynamic Range: 
· Frequency Error 
· Basestation Receiver Requirements, see following Table 4:

[bookmark: _Ref149572778]Table 4 Basestation Parameters to be defined.
	
	BS Channel BW
	Subcarrier spacing
	Number of PRBS

	Frequency Band
	TBD
	TBD
	TBD

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	




· Noise Figure
· Noise Figure Definition for GEO and MEO for the Gateway and Devices 
· G/T (dB K-1) Definition 
· G_Rx (dBi) Definition
· NF (dB) 	Definition

· Basestation Modulation Quality 
· QPSK, 16 QAM or possible 64 QAM
		
· SAN spurious Emissions to be defined. 
· UE Capability Definition to connect to Ku Band Satellite 
· Initial Transmit Timing Error, see following Table 5

[bookmark: _Ref149572798]Table 5 Initial Transmit Error to be defined. 
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	[TBD] 
	[TBD] 
	[TBD] 

	
	[TBD] 
	[TBD] 

	
	[TBD] 
	[TBD] 

	[TBD]
	[TBD] 
	[TBD] 

	
	[TBD] 
	[TBD] 

	
	[TBD] 
	[TBD] 




· Receiver Sensitivity and Out of Band Emission Parameters for Testing, see following Table 6 and Table 7

[bookmark: _Ref149572815]Table 6 Receiver Sensitivity Levels to be defined.
	Receiver Sensitivity Test Parameters

	Operating band / SCS / Channel bandwidth / Duplex-mode

	Operating Band
	SCS kHz
[TBD]
	[50
MHz]
(dBm)
	[100
MHz]
(dBm)
	[150
MHz]
(dBm)
	[200
MHz]
(dBm)
	Duplex Mode

	
	
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]



[bookmark: _Ref149572828]Table 7 Out of Band Emission Levels to be defined.
	Out of Band Emissions Test Parameters

	
	Parameter
	Unit
	Range 1
	Range 2
	Range 3

	
	Pinterferer
	dBm
	[TBD]
	[TBD]
	[TBD]

	
	
	
	
	
	

	





Co-existence Studies
To progress the work in RAN4 and to plan for possible future Terrestrial Bands[footnoteRef:1] adjacent to the Non-Terrestrial satellite bands, a co-existence study would be required to ascertain the level of interference and rejection between Terrestrial and Non-Terrestrial band. [1:  Subject to decisions from ITU and WRC23] 

The coexistence work would consist of analysing the interference from and to Ku Band VSATs, Ku Band Satellite, 5G NR gNodeB and UEs Please see following Figure 1:
[image: A diagram of a satellite

Description automatically generated]
[bookmark: _Ref149566280]Figure 1 Possible Interferences Between Terrestrial and Non-Terrestrial Networks 
As with the Ka Band work, the following scenarios could be considered for coexistence see following Table 8:
[bookmark: _Ref149572875]Table 8 Various Interference Scenarios
	No.
	Combination
	Aggressor
	Victim
	Notes on Ku Band 

	1
	TN with NTN
	UE UL
	VSAT UL
	Ku Band VSAT’s Uplink is interfering with gNodeB’s Receiver

	2
	TN with NTN
	UE UL
	VSAT UL
	UE’s UL Transmitter Interfering with the Satellite Receiver

	3
	TN with NTN
	VSAT UL
	UE DL
	Ku Band VSAT’s UL Transmitter is Interfering with UE’s Receiver

	4
	TN with NTN
	gNodeB DL
	VSAT UL
	gNodeB’s DL Transmitter is Interfering with Satellite Receiver

	5
	TN with NTN
	gNodeB DL
	VSAT DL
	gNodeB’s DL Transmitter is Interfering with Ku Band VSAT’s DL Receiver

	6
	TN with NTN
	Satellite DL
	UE DL
	Satellite's DL Transmitter is Interfering with UE’s Receiver

	7
	TN with NTN
	Satellite DL
	UE UL
	Satellite’s DL is interfering with gNodeB’s Receiver

	8
	TN with NTN
	UE UL
	VSAT DL
	UE’s UL Transmitter is interfering with VSAT’s DL Receiver

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





Features and Topics that could be Adapted from the Ka Band 
From the work undertaken to date the following areas could be adopted from the Ka Band studies, these topics are as follows:
RAN1 Specific Topics
· UL and DL Timing Relationship
· Extensive work has been carried out on the K_offset and this could be re-used for the Ku Band. 
· UL Time and Frequency Synchronization
· HARQ Configuration and Signalling 
· Bandwidth Parts 
· Satellite Beam Switching Doppler shift. 
· Timing Advance 
· Feeder Link Timing Drift 
· UE to gNodeB Round Trip Time (RTT)
· SIB Design: extensive work has been conducted on the SIB design and content of SIB 19 
· Cell Design 
· Epoch Time: Epoch time definition and its application 
· Satellite Ephemeris Format 

RAN2 Specific Topics
User Plane 
· RACH aspects
· Random Access Procedure 
· MSG3 Retransmission 
· Timers: quite an extensive work was conducted on the Timers particularly on the T3340 Timer, and introduction of MAC timers for the HARQ 
· Timing Advance 
· MAC Aspects related to the User Plane operation. 

Control Plane 
· Legacy Handover and Conditional Handover: extensive work has been conducted to implement these features between Terrestrial and Non-Terrestrial Networks  
· Cell Selection and Re-selection 
· STMC Window Design 
· TAC Design 
· Cell Broadcast Stop Timer 
· UE Location Reporting: Extensive work has been carried out to provide a practical solution for this feature. 
· Earth Fixed Moving Beams related issues.
· UE Capability 
· Essential baseline feature of a UE to support NTN Services
· UE Reporting its capability. 
· Idle Mode Operation 
· Connected Mode Operation 
· RRC Aspects 
· Epoch Time 

RAN3 Architectural and Network Aspects
Currently the NTN RAN Architecture comprises of Transparent payload, where most of the ‘intelligence’ is housed in the Ground Segment.
As the Releas19 work package progresses forward, it is envisaged the Regenerative Architecture would be next architecture for the NTN RAN. We envisage that this work would be conducted in RAN3 working group and it would have allocated Time Units. We therefore do not see much impact. 
Work undertaken to date in RAN3 than can easily be applied to the Ku Band Satellite System and NTN Solutions are as follows:
· NTN Transparent Architecture 
· gNodeB (payload) with Xn Interface to 5G Core 
· NG Handover 
· XnAP and NGAP Procedures 
· NTN RAT Reporting 
· RAT Type to report to the UE. 
· RAT Identification 
· Beam Tracking for Ground based and ESIM Devices
· Serving Cell and Neighbouring Cell Information to be provide t the gNodeB/Satellite. 
· CGI Mapping 
· Ephemeris Formats
	Two Types of Ephemeris Format were introduced: 
1- Satellite position and velocity state vectors
2- Orbital Parameters 
· Cell ID to be mapped to Fixed Geographical Area 
· RAN Paging Area
· Cell Id used in the RAN Paging 
· Mobility
· Mobility between the TN and NTN over the Xn Interface 
· UE Location Reporting 
· Cell and Network Based Location Reporting
· TAC Design with 12 TACS per NTN Cell 

RAN4 Topics and Features 
· General RRM Requirements 
· RRM procedures based on UE position.
· GNSS Requirements 
· GNSS Accuracy assumptions 
· NTN UL frequency synchronization requirement
· NTN UE UL timing requirements
· NTN UE transmit timing requirements.
· NTN UE timer accuracy
· Timing advance
· Measurements and Mobility
· SMTC and Measurement Gaps
· Mobility Definition
· Test cases such as
· Random access
· PL-RS switching 
· Intra-frequency measurement with gap
· Inter-frequency measurement without gap
· Multi-SMTC and multi-satellite tests
· UE Capability tests
· PDSCH for disabled HARQ for various MCSs
· PUCCH with Long and Short Formats 

Conclusion
In this analysis we have presented features and topics that can be re-used from the Ka Band work however a number of fundamental works need to be carried out afresh for the Ku band.
In our view, by re-using features that have already been standardised for the Ka Band, the online discussion times of various RAN Groups can be used more efficiently and as a result expedite the Ku Band Standardisation process. 
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