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1. Introduction
The topic of performance metric of NTN OTA was discussed in the last RAN4 #110bis meeting. There were two related issues need to be further discussed, i.e. whether consider different performance metric for different satellite orbit, and what is the proper performance metric for NR-NTN. The Way Forward of the last meeting was captured as below [1].
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This contribution shares our views and considerations on the proper OTA performance metrics for NR-NTN devices, and proposes to down-select the options of the metrics.

2. Discussion
Regarding the performance metric for different satellite orbits, the consideration is that whether the UE connects to the satellites with low orbit or high orbit in the same manner or not. Firstly, high orbit, i.e. GEO, is studied. For UE connecting to GEO satellites, the relative positions of UE and satellites are stationary and stable. And UE antenna pattern keeps directionally pointing to the direction of the satellite. So for high orbit satellite, UE is required to have a high gain in the dedicated direction when communicating to the satellite, while other directions are not desired and, to some extent, the power radiated to other directions can be treated as wasted energy, because no reflection path can be utilized for high orbit satellite communication. 

Observation 1: For high orbit satellite, UE is required to have a high gain in the dedicated direction when communicating to the satellite, while other directions are not desired.

Then, low orbit satellite communication is studied. For the UE connecting to LEO satellite systems, usually the UE needs to keep connection with the satellite when it moving over sky fast. Supposing the minimum elevation angle α for NTN connection is more than 20 degree, then the angle β for keeping NTN connection is that . The angle β is generally over 120 degree. The illustration is shown as below. So UE should guarantee the connecting performance in a large angle range over 120 degree on top half of the sphere. Besides, from service continuity perspective, UE would be requested to support satellite handover/switching techniques, which needs UE to have a wide beam to cover the satellite potential visible area.
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Observation 2: For low orbit satellite, UE is required to guarantee the connecting performance in a large angle range over 120 degree on top half of the sphere.

Observation 3: Satellite handover/switching techniques for service continuity of low orbit satellite require UE to have a wide beam to cover the satellite potential visible area.

From the analysis and observations of high orbit and low orbit satellite communication, UE will have totally different performance requirements to support high orbit and low orbit separately. Therefore, it is proposed to define different performance metrics for high orbit satellite communication (such as GEO) and low orbit satellite communication (i.e. LEO).

Proposal 1: It is proposed to define different performance metrics for high orbit satellite communication (such as GEO) and low orbit satellite communication (i.e. LEO).

As proposed in the above part, the performance metrics for high orbit and low orbit will be discussed separately.

For high orbit satellite communication, the OTA performance metric for NR-NTN should be directional. The corresponding metrics in the Way forward of Issue 3-2-2 are summarized as below.

Option 1: Peak EIRP/EIS only
Option 2: Conical TRP/EIRP for Tx and conical TRS/EIS for Rx with small conical apex angle

Proposal 2: Define the directional OTA metrics for NR-NTN using high satellite orbit, and the candidate options are as below. Further down-selection may be needed.
Option 1: Peak EIRP/EIS only
Option 2: Conical TRP/EIRP for Tx and conical TRS/EIS for Rx

For low orbit satellite communication, the OTA performance metrics covering a wide beam or half sphere would be preferred metrics. The candidate options are listed as below.

Option 1: Integrated power/sensitivity within declared half sphere
Option 2: Conical TRP/EIRP for Tx and conical TRS/EIS for Rx with large conical apex angle

Proposal 3: Define the OTA performance metrics covering a wide beam or half sphere for NR-NTN using low satellite orbit, and the candidate options are as below. further down-selection may be needed.
Option 1: Integrated power/sensitivity within declared half sphere
Option 2: Conical TRP/EIRP for Tx and conical TRS/EIS for Rx with large conical apex angle

3. Conclusions
This contribution shares our views and considerations on the proper OTA performance metrics for NR-NTN devices. And provide the following proposals.

Observation 1: For high orbit satellite, UE is required to have a high gain in the dedicated direction when communicating to the satellite, while other directions are not desired.

Observation 2: For low orbit satellite, UE is required to guarantee the connecting performance in a large angle range over 120 degree on top half of the sphere.

Observation 3: Satellite handover/switching techniques for service continuity of low orbit satellite require UE to have a wide beam to cover the satellite potential visible area.

Proposal 1: It is proposed to define different performance metrics for high orbit satellite communication (such as GEO) and low orbit satellite communication (i.e. LEO).

Proposal 2: Define the directional OTA metrics for NR-NTN using high satellite orbit, and the candidate options are as below. Further down-selection may be needed.
Option 1: Peak EIRP/EIS only
Option 2: Conical TRP/EIRP for Tx and conical TRS/EIS for Rx

Proposal 3: Define the OTA performance metrics covering a wide beam or half sphere for NR-NTN using low satellite orbit, and the candidate options are as below. further down-selection may be needed.
Option 1: Integrated power/sensitivity within declared half sphere
Option 2: Conical TRP/EIRP for Tx and conical TRS/EIS for Rx with large conical apex angle
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Issue 3-2-1: whether RAN4 should consider different performance metric for different UE types or satellite
orbits

Way forward:
© RAN4 further discuss potential performance metric for different FR1 UE types.

= FFS whether different performance metric for different UE type. FFS Handheld UE
is prioritized. -

= FFS whether separate metrics for NR/IoT NTN UEs based on their support for
cither GSO or NGSO or both »

= FFS whether different performance metrics should be defined for high earth orbit
(such as GEO) and low earth orbit (i.e. LEO) due to they have different
requirements on the radiating characteristics -
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Issue 3-2-2: Proper performance metric for NR-NTN

Way forward:«
Consider the following initial input as a starting point for further discussions:
o Option 1: consider the following aspects
= Option 1: integrated power/sensitivity within declared half sphere.
= Option 2: peak EIRP/EIS only~
= Option 3: peak EIRP/EIS + X%-tile spherical coverage within declared half sphere.
= Option 4: peak EIRP/EIS + Y%-tile spherical coverage from whole sphere.

onsider the following aspects

= Consider a general framework for each UE type, to specify performance metric for
different use cases / power classes, e.g., a set of metric for Handheld, and other set
for FR1 VSAT-like UE.«

= Consider the assumption: UE elevation angles for NTN are typically >20° in
‘majority of cases.

= Consider TRP, TRS, EIRP, and EIS as starting point. Further discuss other
performance metric based on NTN usage scenarios, e.g., directivity requirements,
Antenna Gain.

onsider the following aspects

= consider WRP and WRS defined in R4-2404278 as performance metrics for NTN
devices+

= consider EIRP and EIS CDF percentile thresholds as performance metrics for NTN
devices+

o Option 4: Conical TRP/EIRP for Tx and conical TRS/EIS for Rx could be considered as the
starting point for the metric of NTN device OTA testing. FFS on the range of  and .

o Option 5: Consider the following aspects for NTN performance mefric

+ Adopting a directional antenna pattern as the starting point for the antenna
characteristics of an FR1 NTN device.

+ Take UIRP and UHIS as the as the starting point for the performance metric of devices
using directional antenna.

+  Further discuss whether a smaller angle of test scan can be used or whether 3 EIRP/EIS
CDF-like performance metric and be considered.

o Option 6: other aspects are not precluded




