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1. Introduction
In RAN4#110bis meeting, the NR-NTN RRM requirements in above 10 GHz bands have been discussed and WF was agreed in [1]. However, the measurement accuracy requirement has not been concluded yet and it was not captured in the big CR [2]. In this contribution, we discuss the NR-NTN measurement accuracy requirements in above 10 GHz bands.
2. Discussion 
The previous agreement and open issue for UE accuracy requirement over 10GHz is:
Issue 6-2-2: Above 10 GHz, Rx beam gain
	Agreement: (ad-hoc)
· FFS whether the RF margin for different RX beams in existing TN FR2-1 intra-frequency relative accuracy requirements can be removed or not 
· Existing absolute measurement accuracy requirement of TN FR2 (including intra-frequency and inter-frequency) can be applied for NTN UE above 10GHz. 
· Further discuss the minimum SSB_RP condition on accuracy requirements 


Since the Rx beam sweeping is not specified for NTN over 10GHz, both intra-frequency and inter-frequency measurement happens on the same satellite. Regarding the intra-frequency/inter-frequency relative accuracy, since serving cell and neighbor cells are on the same satellite and single Rx beam is assumed in the delay requirement, that means same Rx beam is required for intra-frequency measurement and the RF margin for different Rx beams in this relative accuracy can be removed.
Proposal 1: remove an RF margin for different RX beams in the relative accuracy and tighten relative accuracy requirements.
In last meeting, we were also one of the proponent companies for “Existing absolute measurement accuracy requirement of TN FR2 (including intra-frequency and inter-frequency) can be applied for NTN UE above 10GHz”, since we assume all the conditions are same between TN and NTN FR2 accuracy. However, after last RAN4 meeting, we realized that RAN4 RF had one assumption in TS38.101-5 that, the minimum requirements on the receiver characteristics apply under one polarization.
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In FR2 TN, the dual polarization is always assumed, i.e., DL signals measurement in orthogonal polarizations. RAN4 never discussed if single polarization can achieve the same accuracy as dual-polarization case, and therefore at least we need to double check if the same absolute measurement accuracy can be reused from TN to NTN FR2. Our understanding is, the same relaxation in FR1 1Rx RedCap can be reused here to reflect such degradation by losing the diversity reception, e.g., 1dB relaxation is assumed.
Proposal 2: since single polarization is assumed for FR2-1 NTN, the existing absolute measurement accuracy requirement of TN FR2 (including intra-frequency and inter-frequency) can be applied for NTN UE above 10GHz with 1dB relaxation. (i.e., revert the last meeting agreement in issue 6-2-2)
The TN measurement accuracy is defined as following example:
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The parameter of SSB_RP has been specified in annex B of TS38.133, as following example:
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The UE power class for legacy FR2 TN UE may not be applied for NTN UE above 10GHz. In UE RF spec session, one big CR has been agreed in last meeting in [3], and the UE class were defined quite different from legacy power class, as duplicated below,
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Thus, instead of using UE power class, RAN4 shall define the minimum SSB_RP condition for accuracy requirement for 5 UE types specified in table 9.2.1.0-1 of TS38.101-5.
Proposal 3: instead of using UE power class, RAN4 shall define the minimum SSB_RP condition for accuracy requirement of five UE types specified in table 9.2.1.0-1 of TS38.101-5.
In the legacy TN FR2 accuracy requirement, the minimum SSB power is determined based on the following criteria:
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In NTN above 10GHz, the same principle can be applied to derive the mini SSB_RP, which is based on the equation of Minimum SSB_RP = Reference sensitivity UE type, n512, 50MHz +Y -10Log10(PRBRefsens x 12) – SNRRefsens + SSB Ês/Iot + ∆MBP,n, where,
Reference sensitivity UE type, n512, 50MHz is the reference sensitivity value in dBm specified for a specific UE type in Band n512 for 50 MHz Channel bandwidth in Table 10.3.2-1 and section 10.3.3-1 of TS 38.101-5 as following:
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	Y is the gain difference between fine and rough beams, which needs to be further discussed in RAN4; (the fine beam and rough beam gain for VSAT might be different from legacy TN FR2 UE)
	PRBRefsens is NRB associated with subcarrier spacing 120 kHz for 50MHz in TS 38.101-5 Table 5.3.2-2, and is 32;
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	12 is the number of subcarriers in a PRB;
	SNRRefsens is the SNR used for simulation of Refsens and EIS spherical coverage, and is -1 dB;
	SSB Ês/Iot is the minimum value required by the UE to perform measurements, and is -6 dB for intra-frequency measurements and -4 dB for inter-frequency measurements. The only contribution to Iot is the UE internal noise;
	∆MBP,n is 0 for NTN above 10GHz since CA/DC is not considered.
Proposal 4: RAN4 to define:
Minimum SSB_RP_NTN_FR2 = Reference sensitivity UE type, n512, 50MHz +Y -10Log10(PRBRefsens x 12) – SNRRefsens + SSB Ês/Iot + ∆MBP,n,
where,
Reference sensitivity UE type, n512, 50MHz is the reference sensitivity value in dBm specified for a specific UE type in Band n512 for 50 MHz Channel bandwidth in Table 10.3.2-1 and section 10.3.3-1 of TS 38.101-5
	Y is the gain difference between fine and rough beams, which needs FFS in RAN4
	PRBRefsens is NRB associated with subcarrier spacing 120 kHz for 50MHz in TS 38.101-5 Table 5.3.2-2, and is 32;
12 is the number of subcarriers in a PRB;
	SNRRefsens is the SNR used for simulation of Refsens and EIS spherical coverage, and is -1 dB;
	SSB Ês/Iot is the minimum value required by the UE to perform measurements, and is -6 dB for intra-frequency measurements and -4 dB for inter-frequency measurements. The only contribution to Iot is the UE internal noise;
	∆MBP,n is 0 for NTN above 10GHz since CA/DC is not considered.
To derive the Rx beam gain in the proposal 4, we may consider the following formulas,
· REFSENS_50MHz = -174 dBm/Hz + 10log10(50MHz) + NF + SNR (QPSK) + IM - Ant_Gain
Therefore Ant_Gain can be derived as,
· Ant_Gain = -174 dBm/Hz + 10log10(50MHz) + NF + SNR (QPSK) + IM - REFSENS_50MHz
For FR2-NTN, two REFSENS_50MHz values have been specified,
· -126.8 dBm for Mobile VSAT communication with GSO, and for fixed VSAT communication with GSO and LEO
· -115.6 dBm for fixed VSAT communication with LEO only
With the following parameter assumptions,
· NF = 10 dB (we used a typical value here from previous FR2 discussion in RF, but can be adjusted if companies have concern)
· SNR = -1 dB
· IM = 2 dB (here, it’s just our understanding for example, may need FFS in RAN4 to decide the value among companies)
We can derive the following two Ant_Gain values,
· For Mobile VSAT communication with GSO, and for fixed VSAT communication with GSO and LEO:
· Ant_Gain = -174dBm + 77dB + 10dB + (-1dB) + 2dB - (-126.8dBm) = 40.8dB
· For fixed VSAT communication with LEO only, 
· Ant_Gain = -174dBm + 77dB + 10dB + (-1dB) + 2dB - (-115.6dBm) = 29.6dB
Thus, based on our calculation the upper bound of Rx beam gain can be as following:
· For Mobile VSAT communication with GSO, and for fixed VSAT communication with GSO and LEO, the upper bound of Rx beam gain is 41dB.
· For fixed VSAT communication with LEO only, the upper bound of Rx beam gain is 30dB.

Proposal 5: 
For Mobile VSAT communication with GSO, and for fixed VSAT communication with GSO and LEO, the upper bound of Rx beam gain is 41dB.
For fixed VSAT communication with LEO only, the upper bound of Rx beam gain is 30dB.
3. Conclusion
In this contribution, we discuss the NR-NTN measurement accuracy requirements in above 10 GHz bands.
Proposal 1: remove an RF margin for different RX beams in the relative accuracy and tighten relative accuracy requirements.
Proposal 2: since single polarization is assumed for FR2-1 NTN, the existing absolute measurement accuracy requirement of TN FR2 (including intra-frequency and inter-frequency) can be applied for NTN UE above 10GHz with 1dB relaxation. (i.e., revert the last meeting agreement in issue 6-2-2).
Proposal 3: instead of using UE power class, RAN4 shall define the minimum SSB_RP condition for accuracy requirement of five UE types specified in table 9.2.1.0-1 of TS38.101-5.
Proposal 4: RAN4 to define:
Minimum SSB_RP_NTN_FR2 = Reference sensitivity UE type, n512, 50MHz +Y -10Log10(PRBRefsens x 12) – SNRRefsens + SSB Ês/Iot + ∆MBP,n,
where,
Reference sensitivity UE type, n512, 50MHz is the reference sensitivity value in dBm specified for a specific UE type in Band n512 for 50 MHz Channel bandwidth in Table 10.3.2-1 and section 10.3.3-1 of TS 38.101-5
	Y is the gain difference between fine and rough beams, which needs FFS in RAN4
	PRBRefsens is NRB associated with subcarrier spacing 120 kHz for 50MHz in TS 38.101-5 Table 5.3.2-2, and is 32;
12 is the number of subcarriers in a PRB;
	SNRRefsens is the SNR used for simulation of Refsens and EIS spherical coverage, and is -1 dB;
	SSB Ês/Iot is the minimum value required by the UE to perform measurements, and is -6 dB for intra-frequency measurements and -4 dB for inter-frequency measurements. The only contribution to Iot is the UE internal noise;
	∆MBP,n is 0 for NTN above 10GHz since CA/DC is not considered.
Proposal 5: 
For Mobile VSAT communication with GSO, and for fixed VSAT communication with GSO and LEO, the upper bound of Rx beam gain is 41dB.
For fixed VSAT communication with LEO only, the upper bound of Rx beam gain is 30dB.
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Table B.2.2-2: Conditions for intra-frequency measurements in FR2

Parameter | Angle of NR Minimum SSB_RP Note 2. Note 3 SSB
arrival operating Esllot
bands
dBm / SCSsss dB
SCSsse = 120 kHz SCSsss = 240 kHz
UE Power class UE Power class
1 2 3 4 5 1,2,3,4,5
Conditions Rx Beam n257 -128.3+Y1 | -113.8 | -112.1 | -127.8+Ys | -123.4+Ys (Value for SCSsss = 2-6
Peak 120 kHz) +3dB
n258 -128.3+Y; | -113.8 | -112.1 | -127.8+Ys | -123.6+Ys
n259 -108.5 -120.5+Ys
n260 -125.3+Y4 -109.5 | -125.8+Y4
n261 -128.3+Y1 | -113.8 | -112.1 | -127.8+Y4
n262 -123.3+Y; | -108,6 | -106.6 | -121.8+Ys
Spherical n257 -120.3+Z; | -102.8 | -101.2 | -118.8+Z; -115.4+Zs (Value for SCSsss = 2-6
coverage 120 kHz) +3dB
Note 1
n258 -120.3+Z; | -102.8 | -101.2 | -118.8+Zs | -115.6+Z5
n259 -95.7
n260 -117.3+Z4 -96.9 | -113.8+Z
n261 -120.3+Z;1 | -102.8 | -101.2 | -118.8+Z4
n262 -115.1+Z1 | -96.7 -93.5 | -109.7+Zs

Note 1:  Values based on EIS spherical coverage as defined in clause 7.3.4 of TS 38.101-2 [19]. Side condition applies for directions in

which EIS spherical coverage requirement is met.
Note 2:  Values specified at the Reference point to give minimum SSB Es/lot, with no applied noise.
Note 3:  For UEs that support multiple FR2 bands, Rx Beam Peak values are increased by AMBe,» and Spherical coverage values are

increased by AMBs,,, the UE multi-band relaxation factor in dB specified in clause 6.2.1 of TS 38.101-2 [19].
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9.2.1.0 General

The NTN VSAT classes are specified based on the assumptions of certain NTN VSAT types with specific device

architectures including antenna beam steering types. The requirements are specified for different NTN VSAT types.
And for the hybrid beam steering capable NTN VSAT, which can adjust its antenna(s) or beam(s) in both electronic
steering and mechanical steering ways, the applicable requirements should follow either electronic or mechanical beam
steering requirements depending on the NTN VSAT type it declared. The NTN VSAT types can be found in Table

9.2.1.0-1 below.

Table 9.2.1.0-1: Assumptions of NTN VSAT Types

NTN VSAT class| NTN VSAT Type description
type
Fixed VSAT 1 Fixed VSAT communicating with GSO and LEO with mechanical steering antenna.
2 Fixed VSAT communicating with GSO and LEO with electronic steering antenna.
3 Fixed VSAT communicating with LEO only with electronic steering antenna.
Mobile VSAT 4 Mobile VSAT communicating with GSO with mechanical steering antenna.
5 Mobile VSAT communicating with GSO with electronic steering antenna.

Note 1:  The NTN VSAT types are assuming NTN VSAT has only one antenna beam towards one satellite at a
given time in this release.
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B.2.1.3.1 Minimum SSB_RP values for Rx Beam Peak angle of arrival

Minimum SSB_RP values in Tables B.2.2-2 and B.2.3-2 are based on Reference sensitivity for the Operating band and
for the UE power class, taking a baseline of UE Power class 3 in Band n260 with 50 MHz channel bandwidth.

AMBp,,
where:

Reference sensitivity pcs, n260, somiz is the reference sensitivity value in dBm specified for power class 3 in Band
n260 for 50 MHz Channel bandwidth in Table 7.3.2.3-1 of TS 38.101-2 [19];

Y is the gain difference between fine and rough beams, which is defined in Table B.2.1.3.1-1;

Table B.2.1.3.1-1: Gain difference Y between fine and rough beams, Rx beam peak direction

Value “Y” in dB, for each UE power class

1 2 3 4 5 7
FFS 9.0 7.0 FFS FFS FFS
PRBRefsens is Nrp associated with subcarrier spacing 120 kHz for 50MHz in TS 38.101-2 [19] Table 5.3.2-1, and
is 32;

measurements and -4 dB for inter-frequency measurements. The only contribution to Iot is the UE internal noise;

AMBEp,» is the UE multi-band relaxation factor value in dB specified in TS 38.101-2 [19] clause 6.2.1.

The calculated Minimum SSB_RP value for the baseline of UE power class 3 in Band n260 is (-109.5+AMBp,1)
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Table 10.3.2-1: OTA reference sensitivity requirement for mobile VSAT

VSAT channel .
Operating band bandwidth UL/DL RB allocation OTA refersnce sensitivity level, ElSrersens
— = _ (dBm)
(MH2)
12 1 50, 100, 200 le:l:"sReBciEfli"eodciar;ﬂglr;L’:j:: ElSrersens soutz+ 10logro(Nrs x SCS x 12 / factor)
400 e NOTE 1

NOTE 1: The “factor” represents the normalized factor to scale EIS for different (Channel bandwidth, SCS)

configurations. The value of factor is 66 RBs x 60 kHz SCS x 12, i.e. 47520 kHz.

For Mobile VSAT communication with GSO, EISrersens_somuz is [-126.8] dBm.
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Table 10.3.3-1: OTA reference sensitivity requirement for fixed VSAT

VSAT channel I
Operating band bandwidth UL/DL RB allocation Jl e sl b el 10 e
(dBm)
(MHz)
Full RB allocation Nrs
50, 100, 200 . EISrersens somtz + 10l0og1o0(Nre X SCS x 12 / factor)
n512, n511, n510 400 as spemge?fi 2|n clause (NOTE 1)

NOTE 1: The “factor” represents the normalized factor to scale EIS for different (Channel bandwidth, SCS)

configurations. The value of factor is 66 RBs x 60 kHz SCS x 12, i.e. 47520 kHz.

For fixed VSAT communication with GSO and LEO, EISrersens_somuz is [-126.8] dBm.

For fixed VSAT communication with LEO only, EISrersens somn is [-115.6] dBm.
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Table 5.3.2-2: Maximum transmission bandwidth configuration Nre for FR2-NTN

SCS (kHz) 50 MHz 100 MHz 200 MHz 400 MHz
NrB NrB NrB NrB
60 66 132 264 N/A
120 32 66 132 264
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10 Radiated receiver characteristics

10.1 General

Unless otherwise stated, the receiver characteristics are specified over the air (OTA) at the RIB for Ka bands fixed and
mobile VSAT. The reference effective isotropic sensitivity (EIS), wanted signals and interference is defined assuming a
0 dBi reference antenna located at the center of the quiet zone.

10.2 Polarization characteristics

The minimum requirements on the receiver characteristics apply under one polarization.
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Table 10.1.3.1.1-1: SS-RSRP Intra frequency absolute accuracy in FR2

Accuracy Conditions
Normal Extreme SSB
condition | condition Esllot lotte? range
Minimum lo Maximum lo
dB dB dB dBm / SCSsss ™'e* dBm/BWchannet | dBM/BWchanne!
SCSsss = SCSsss =
120kHz 240kHz
Same value as SSB_RP
in Table B.2.2-2,
6 9 26 according to UE Power N/A -70
class, operating band
and angle of arrival
18 +11 N/A -70 -50
Note 1:  Values based on Refsens and EIS spherical coverage as defined in clauses 7.3.2 and 7.3.4 of

TS 38.101-2 [19]. Applicable side condition selected depending on angle of arrival.

Note 2:
Note 3:

Es/lot at UE baseband is above the value defined in this table.

lo specified at the Reference point, and assumed to have constant EPRE across the bandwidth.
In the test cases, the SSB Es/lot and related parameters may need to be adjusted to ensure





