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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.




Recently, RAN plenary had reviewed the scope of the RRM work, and has tasked RAN4 to create separate set of requirements for fully mechanical and fully electronic beam steering type of UEs . The present contribution aims at discuss the requirements for electronically steered beams in NTN[4]. 
[bookmark: _Toc116995842]Discussion
RAN plenary has recently tasked RAN1 to create the requirements for UEs type 1 in NTN (for the operation above 10 GHz) [4]. For electronically steered beams, the following list of  requirements were defined as being part of the scope of Rel-18. The list is provided below:

Table 1. List of Requirements in the Scope of this WI for UEs type 1 (fully mechanically steered beams)
	Requirement
	

	UE uplink timing accuracy
	Yes

	RRC IDLE and INACTIVE mobility 
	Low Priority

	(Conditional/blind) Handover 
	Yes

	RRC Re-establishment 
	Low Priority

	RRC Connection Release with Redirection 
	No

	Radio Link Monitoring 
	Yes

	Link Recovery procedure (BFD/CBD)
	No

	Active TCI switching
	No

	Measurement Procedure
	Yes

	(L1/L3 measurement delay and measurement gap, scheduling restriction due to mixed numerologies) 
	Yes

	Measurement Performance
	No

	UL spatial relation switching
	No



Therefore, the following list of requirements are down-selected to be discussed in this WI:
· (Conditional/Blind) HO
· Idle and Inactive mode mobility (low priority)
· RLM
· RRC Re-establishment (low priority)
· Measurement Procedure
· L/L3 measurement delay and measurement gap, scheduling restriction due to mixed numerologies
· UE uplink timing accuracy

The UE UL transmit timing accuracy requirement does not depend on the UE type and should be discussed separately as a general requirement and the RRC Re-establishment requirement was deemed low priority as well as the idle and inactive mode mobility. 
[bookmark: _Toc146732989]The UE UL timing accuracy does not depend on the UE type and should be discussed separately as a general requirement. 

RLM requirements
The first aspect to be considered, is whether the RLM has to be scaled for the operation above 10 GHz. Previously, in terrestrial networks, this aspect was considered to account for the beam sweeping that could be performed at UE side:
	TS 38.133 
Clause 8.1.1 (Legacy – Terrestrial Networks):

TEvaluate_out_SSB and TEvaluate_in_SSB are defined in Table 8.1.2.2-2 for FR2 with scaling factor N=8 for FR2-1 and N=12 for FR2-2, for FR2 power classes other than power class 6 or for FR2 class 6 when highSpeedMeasFlagFR2-r17 is not configured




While it is expected that a type 1 UE can perform beam sweeping, it is also important to remember that in NTN, the measurement times can already extended in NGSO due to the reduced measurement opportunities for a given cell, as the measurement opportunities are shared with neighbor satellites. 
Moreover, NTN UEs have an advantage that is not available for terrestrial UEs: they are informed of the ephemeris of the target satellite, and might adjust the beam sweeping according to this information. Therefore, we propose to adopt in NTN with a sweeping factor smaller than the legacy values used in TN. 
[bookmark: _Toc146732990]For type 1 UEs, the scaling factor for TEvaluate_out_SSB and TEvaluate_in_SSB shall be set to 4.
Handover Requirements
When a UE with a mechanical steered-beam is deployed in a NTN, the handover requirements are only affected if the UE is required to retune its mechanical beam towards the target cell during the HO procedure. In other words, for intra-satellite HO, there are no impact on the HO requirements, as it is expected that the UE do not need to retune its mechanical beam. However, when the target cell is in a different satellite, most likely in situations of blind HO, the UE will be required to retune its beam before the HO is completed. 
[bookmark: _Toc146732991]HO requirements for Type 1 UE in FR2-NTN are the same as the HO requirements used for Rel-17 in NTN (FR1). 

Measurement Procedures
One of the key aspects for designing the measurement procedures, regards the scope of the measurements in terms of frequency layers and frequency ranges. For the scope of Release 18, intra and inter frequency measurement procedures are to be considered, but it is not part of the scope to consider measurement procedures across different frequency ranges (from FR2-NTN to FR1 and vice versa). 
[bookmark: _Toc146732992]Limit the scope of the requirements for Release 18 for measurement procedures performed only in FR2-NTN range. 
Number of cell and number of SSB
It is expected that for the operation above 10 GHz (FR2-NTN), the PHY layer parameters will be defined based on FR2 parameters. This means that the total number of SS beams available in a single cell might be as high as 64, and also that the NTN UE operating in such frequency range is capable of measuring across multiple beams (for a type 1 UE). Therefore, in the same manner as previously done for TN, it is necessary to update the requirements for the UE operating in this frequency range, compared to a FR1 NTN UE. 
Based on this we propose that:
[bookmark: _Toc146732993]For intra-frequency measurements (in FR2-NTN), a UE shall be capable of performing SS-RSRP, SS-RSRQ, SS-SINR measurements for at least:
a. [bookmark: _Toc146732994]8 identified cells, and
b. [bookmark: _Toc146732995]24 SSBs with different SSB index and/or PCI on the intra-frequency layer
c. [bookmark: _Toc146732996]Cells from 2 satellites (including the satellite providing the PCell) if UE does not support the capability parallelSMTC-r17; and 4 satellites if the UE supports this capability. 
[bookmark: _Toc146732997]For inter-frequency measurements (in FR2-NTN) a UE shall be capable of performing SS-RSRP, SS-RSRQ, SS-SINR measurements for at least:
d. [bookmark: _Toc146732998]4 identified cells, and
e. [bookmark: _Toc146732999]10 SSBs with different SSB index and/or PCI on the inter-frequency layer
f. [bookmark: _Toc146733000]1 SSB per identified Cell
g. [bookmark: _Toc146733001]Cells from two different satellites (including the satellite providing the PCell)

Intra-frequency measurements 
In Release 17, intra-frequency measurement requirements were specified for FR1 operation with and without measurement gaps. For the operation without measurement gaps, we support the following:
· Introduce the factor Kmulti_SMTC was introduced to account for measurements across multiple satellites or multiple SMTCs, in the same manner as previously done in Rel-17
· The derivation of the factor Kp, which accounts for collisions between SMTCs and between SMTC and MGs should also be reused. 
· Use the FR2 approach to account for the sweeping factor of the UE beams (Mpss/sss_sync_w/o_gaps).

Therefore, we propose:
[bookmark: _Toc146733002]For intra-frequency measurement without measurement gaps, adopt the following table for the estimation of TPSS_SSS_sync_intra:
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max(600ms, ceil(Mpss/sss_sync_w/o_gaps x Kp x Klayer1_measurement) x Kmulti_SMTC  x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(600ms, ceil(1.5 x Mpss/sss_sync_w/o_gaps x Kp x Klayer1_measurement)  x Kmulti_SMTC  x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil(Mpss/sss_sync_w/o_gaps x Kp x Klayer1_measurement) x Kmulti_SMTC  x DRX cycle x CSSFintra


[bookmark: _Toc146733003]Where Kmulti_SMTC is similarly derived as in Rel-17 and Mpss/sss_sync_w/o_gaps = 12.

For the intra-frequency measurement with measurement gaps configured, we propose to use a similar approach as the one described in Proposal 6, where the Rel-17 requirements are adapted to account for UE beam sweeping. 
[bookmark: _Toc146733004]For intra-frequency measurement with measurement gaps, adopt the following table for the estimation of TPSS_SSS_sync_intra: 
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max(600ms, Mpss/sss_sync_with_gaps x Kgap x max(MGRP, SMTC period)) x CSSFintra

	DRX cycle≤ 320ms
	max(600ms, ceil(M2x Mpss/sss_sync_with_gaps x Kgap) x max(MGRP, SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	Ceil(Mpss/sss_sync_with_gaps x Kgap ) x max(MGRP, DRX cycle) x CSSFintra


[bookmark: _Toc146733005]Where Kmulti_SMTC is similarly derived as in Rel-17 and Mpss/sss_sync_with_gaps =  12.

It is also important to have in mind that the operation of beam sweeping does not come without a cost. For terrestrial networks, it the FR2 operation, scheduling restrictions were introduced when the UE is performing the measurements in the SMTC window. We need to discuss whether a similar approach will be adopted in NTN. 
[bookmark: _Toc146733006]RAN4 to discuss whether scheduling restriction has to be introduced for intra-frequency measurements in FR2- NTN, due to the beam sweeping, similarly to terrestrial networks. 

[bookmark: _Toc116995848][bookmark: _Hlk146733207][bookmark: _Toc116995849]Conclusion
In this paper we discussed the operation in NTN for frequencies above 10 GHz for UE Type 1 (electronically-steered beams). Based on our discussion, the following set of observations and proposals was made:

Observation 1: The UE UL timing accuracy does not depend on the UE type and should be discussed separately as a general requirement.
Proposal 1: For type 1 UEs, the scaling factor for TEvaluate_out_SSB and TEvaluate_in_SSB shall be set to 4.
Proposal 2: HO requirements for Type 1 UE in FR2-NTN are the same as the HO requirements used for Rel-17 in NTN (FR1).
Proposal 3: Limit the scope of the requirements for Release 18 for measurement procedures performed only in FR2-NTN range.
Proposal 4: For intra-frequency measurements (in FR2-NTN), a UE shall be capable of performing SS-RSRP, SS-RSRQ, SS-SINR measurements for at least:
a.	8 identified cells, and
b.	24 SSBs with different SSB index and/or PCI on the intra-frequency layer
c.	Cells from 2 satellites (including the satellite providing the PCell) if UE does not support the capability parallelSMTC-r17; and 4 satellites if the UE supports this capability.
Proposal 5: For inter-frequency measurements (in FR2-NTN) a UE shall be capable of performing SS-RSRP, SS-RSRQ, SS-SINR measurements for at least:
a.	4 identified cells, and
b.	10 SSBs with different SSB index and/or PCI on the inter-frequency layer
c.	1 SSB per identified Cell
d.	Cells from two different satellites (including the satellite providing the PCell)
Proposal 6: For intra-frequency measurement without measurement gaps, adopt the following table for the estimation of TPSS_SSS_sync_intra:
Where Kmulti_SMTC is similarly derived as in Rel-17 and Mpss/sss_sync_w/o_gaps = 12.
Proposal 7: For intra-frequency measurement with measurement gaps, adopt the following table for the estimation of TPSS_SSS_sync_intra:
Where Kmulti_SMTC is similarly derived as in Rel-17 and Mpss/sss_sync_with_gaps =  12.
Proposal 8: RAN4 to discuss whether scheduling restriction has to be introduced for intra-frequency measurements in FR2- NTN, due to the beam sweeping, similarly to terrestrial networks.
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