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[bookmark: _Toc116995841]Introduction
The NTN WI, as presented in [1], includes the following objectives related to NTN deployment in above 10GHz bands:
	4.1.2	NR-NTN deployment in above 10 GHz bands

The following assumptions are taken a baseline for this work:
· GSO and NGSO (e.g. LEO, MEO, HEO) based satellite access to be considered
· ESIM scenarios for NGSO in Ka band are not considered in this WI. 
· Targeted UE types: fixed and mobile VSAT. VSAT UE characteristics from TR38.821 to be considered in priority but additional NTN UE classes may be considered if justified
· Regarding mobile VSAT, three types of terminal and scenario exist; airborne, maritime and land based ESIM. Which type(s) to be specified depends on the outcome of the regulation analysis and co-existence study.
· FDD mode is assumed for satellite operation above 10 GHz, while TDD mode is assumed for terrestrial operation in FR2
· The ITU-R harmonized Ka band will serve as reference
· Co-existence between overlapping NTN and TN band portions is out of scope of this work item. This aspect will be captured in the specification.

The following covers the objectives for NR-NTN deployment in above 10 GHz bands. This work is expected to start after June 2022.

· Study and identify NTN example band: Analysis of regulations and adjacent channel co-existence scenarios. The example band shall be identified early in the WI. Additional bands can be introduced in a release-independent manner. [RAN4]
· Consider the satellite harmonized Ka band as a reference, according to ITU allocation; taking into account deployment type (e.g. VSAT, ESIM), scenarios, and ITU-R/regional regulations, define an example band suitable for development of generic 3GPP minimum performance requirements (the example RAN4 band may be a portion of or the entire harmonized Ka band). [RAN4]
· Study implications of FDD operation in FR2 and derive requirements for the identified example band appropriately. Satellite bands introduced in 3GPP for NTN for FDD shall not impact the existing 3GPP TDD specifications for terrestrial bands adjacent to the NTN band (see note 3 of the approved way forward RP-211596 in RAN#92-e). [RAN4]
· [bookmark: _Hlk90540445]Relevant coexistence scenarios and analysis to be considered in RAN4, if and where applicable, to ensure that satellite bands introduced in 3GPP for NTN shall not impact the existing specifications and shall not cause degradation (in the sense of RAN4 co-existence studies) to networks in 3GPP specified terrestrial bands adjacent to the NTN band. In that, it is assumed that the NTN-TN adjacent band coexistence will be performed at the harmonized Ka band edges. The outcome is expected to be applicable to all NTN-TN adjacent band scenarios (if any) in the whole Ka band range where applicable and regulations allow. [RAN4]
· For all the above, RAN4 process as agreed for NTN in FR1 should be used for coexistence analysis in above 10 GHz bands [RAN4].
· [bookmark: _Hlk89787333]Definition of NTN band(s) above 10 GHz does not change the current FR1/FR2 definition, nor automatically apply to future terrestrial bands defined in this frequency region; (see proposal 2 of the approved way forward RP-211596 in RAN#92-e) [RAN4]
· Specify Rx/Tx requirements for satellite access node and different VSAT UE class (not only 60 cm aperture) as appropriate for the identified example band [RAN4]
· Identify values for physical layer parameters chosen from the existing FR1 and FR2 sets. The following set of parameters to specify, but not necessarily limited to, are listed.as follows [RAN4]:
· time relationship related enhancement (e.g., K_offset)
· subcarrier spacing for different UL/DL signals/channels
· PRACH configuration index for FDD above 10 GHz.




In this contribution we present further considerations for the introduction of NTN deployment in above 10 GHz bands. 
[bookmark: _Toc116995842]Discussion
During RAN4 #106, a Way-Forward agreed for system parameters for NTN deployment in above 10 GHz bands were agreed [2]. This WF included a section on NTN UE satellite beam tracking which were also addressed in the Way-Forward agreed for UE RF [4] which captured an agreement reached during the online treatment of the topic by the RAN4 chair.
NTN UE satellite beam tracking
During RAN4 #106, the Way-Forward agreed for UE RF [4] states that RAN4 shall discuss whether and how to define the requirements for beam tracking for an NTN UE operating operation above 10 GHz.
The beam tracking capability may depend on the NTN UE power classes, which is currently an open topic for discussion under the agenda for System Parameters in this WI. But as we discuss in our RRM paper [5], the beam tracking capability of a NTN UE is intrinsically related to its capability to perform mobility measurements. 
As per Rel-17, a NTN UE is expected to be capable to measure more than one serving satellite in NTN [6].    
RRC IDLE
In RRC IDLE, a NTN UE configured to measure neighbor cells across multiple satellites is expected to perform measurements in the cells belonging to the neighbor satellite in short amount of time. Check for example, the Rel-17 requirements for intra-frequency cell reselection as an example
	TS 38.133 
The UE shall measure SS-RSRP and SS-RSRQ at least every Kmulti_SMTC * Tmeasure,NR_Intra (see table 4.2C.2.3-1) if the UE does not support [capability for enhanced requirements] or if the [NW configuration for enhanced requirements] is not enabled, or every Kmulti_SMTC * Tmeasure,NR_Intra_enh (see table 4.2C.2.3-2) if the UE supports [capability for enhanced requiremetns] and the [NW configuration for enhanced requirements] is enabled, for intra-frequency cells that are identified and measured according to the measurement rules.





Assuming in this example that a NTN UE is configured to measure at least 2 satellites in this frequency layerand that the NTN UE cannot measure both simultaneously, Kmulti_SMTC =2. This indicates that the NTN UE shall be capable to switch from collecting one measure in the serving satellite to collecting one measure from the target satellite in less than Tmeasure,NR_Intra = 1.28 s (2.56 s for DRX Cycle = 2.56). 
It is our understanding that the NTN UEs with parabolic antennas might have more difficult to track cells associated to neighbor satellites than NTN UEs types that utilize phase arrays. 
[bookmark: _Toc132016902]For a NTN UE with a parabolic antenna, RAN4 has to define whether the NTN UE has the capability to measure cells in neighbor satellites within 1.28 s. 
[bookmark: _Toc132016903]RAN4 to define whether a NTN UE with parabolic antenna is capable to perform measurements for cell reselection for inter-satellite cells. 

RRC CONNECTED for NTN UE with a parabolic antenna
In RRC connected, the time to perform measurements is much shorter as compared to RCC IDEL. This as the NTN UE needs to complete the measurements within the interval of one measurement gap. The measurement gap length may be configured by the network between 1.5 and 6 ms. As discussed also for RCC IDEL it may not be possible to perform the measurements in neighbor satellites within the required timeframe.
[bookmark: _Toc132016904] For a NTN UE with a parabolic antenna, a NTN UE with parabolic antenna might not capable to perform measurements in neighbor satellites within one measurement gap. 
[bookmark: _Toc132016905] RAN4 to decide whether NTN UEs within power classes associated to reception with parabolic antennas are not capable to perform inter-satellite mobility.  
RRC CONNECTED for NTN UEs using phased arrays
[bookmark: _Hlk131442426]For NTN UEs using phased arrays, from RRM point of view, the NTN UE power class and its capabilities are important to define mobility requirements regarding their beam sweeping. In TS 38.133 [3], the mobility requirements are designed considering:
· Omni-directional reception at the NTN UE in FR1
· Beam-sweeping scaling factor, which varies with the NTN UE power class in FR2. 
Example from Table 4.2.2.3-1, from TS 38.133, for intra-frequency mobility in RRC_IDLE (highlights are our own): 
Table 4.2.2.3-1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	FR1
	FR2-1Note1
	FR2-2 Note2
	
	
	

	0.32
	1
	8
	12
	11.52 x N1 x M2 (36 x N1 x M2)
	1.28 x N1 x M2 (4 x N1 x M2)
	5.12 x N1 x M2 (16 x N1 x M2)

	0.64
	
	5
	8
	17.92 x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	6
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

	2.56
	
	3
	5
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:	Applies for UE supporting FR2-1 power class 2&3&4. For UE supporting FR2-1 power class 1 or 5, N1 = 8 for all DRX cycle length.
Note 2:	Applies for UE supporting FR2-2 power class 2&3. For UE supporting FR2-2 power class 1, N1 = 12 for all DRX cycle length.
Note 3:	M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1. If different SMTC periodicities are configured for different cells, the SMTC periodicity in this note is the one used by the cell being identified. During PSS/SSS detection, the periodicity of the SMTC configured for the intra-frequency carrier is assumed, and if the actual SSB transmission periodicity is greater than the SMTC configured for the intra-frequency carrier, longer Tdetect, NR_intra is expected.



Similarly, different values are also applicable for RRC_Connected mode requirements depending on UE power class. 
[bookmark: _Toc132016906]In TN FR2, RRM requirements for mobility are scaled by different factors depending on UE power class. 
[bookmark: _Toc132016907]Define the beam sweeping capabilities of NTN UEs using phased arrays for transmission. 

UE RF parameter impact
Given the, from at least RAN4 RRM point of view, need for a separation of NTN UE types at least for NTN UEs using either a parabolic antenna or phased arrays for transmission RAN4 shall define these types of devices for FR2-NTN. A proposal could be to define the two types using power-classes in 38.101-5 similar as seen in 38.101-2 for other types of FR2 devices in the example below.
[bookmark: _Toc132016908]Different FR2 UE types are separated by power class in 38.101-2
TS 38.101-2 - Table 6.2.1.0-1: Assumption of UE Types 
	UE Power class
	UE type

	1
	Fixed wireless access (FWA) UE

	2
	Vehicular UE

	3
	Handheld UE

	4
	High power non-handheld UE

	5
	Fixed wireless access (FWA) UE

	6
	High Speed Train Roof-Mounted UE

	7
	RedCap UE

	Note: RedCap variants of non-RedCap UEs are not precluded



[bookmark: _Toc132016909]RAN4 shall discuss if separation of NTN UE types for NTN UEs using parabolic antenna and phased arrays for transmission can be done using the FR2-NTN power class definitions
[bookmark: _Toc116995848]Conclusion
In this paper we analyzed the beam tracking capabilities of UE NTN types for the operation above 10 GHz and we made the following set of observations and proposals:
Observation 1: For a NTN UE with a parabolic antenna, RAN4 has to define whether the NTN UE has the capability to measure cells in neighbor satellites within 1.28 s.
Proposal 1: RAN4 to define whether a NTN UE with parabolic antenna is capable to perform measurements for cell reselection for inter-satellite cells.
Observation 2: For a NTN UE with a parabolic antenna, a NTN UE with parabolic antenna might not capable to perform measurements in neighbor satellites within one measurement gap.
Proposal 2: RAN4 to decide whether NTN UEs within power classes associated to reception with parabolic antennas are not capable to perform inter-satellite mobility.
Observation 3: In TN FR2, RRM requirements for mobility are scaled by different factors depending on UE power class.
Proposal 3: Define the beam sweeping capabilities of NTN UEs using phased arrays for transmission.
Observation 4: Different FR2 UE types are separated by power class in 38.101-2
Proposal 4: RAN4 shall discuss if separation of NTN UE types for NTN UEs using parabolic antenna and phased arrays for transmission can be done using the FR2-NTN power class definitions
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