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1	Introduction 
During the RAN #103 meeting a new Work Item on TRP (Total Radiated Power), TRS (Total Radiated Sensitivity) and MIMO OTA (Over the Air) testing enhancement Phase 3 was approved with the following scope related to IoT/NR NTN devices:
	· Study and define test methodology and radiated performance metric for FR1 NTN devices (including NR NTN and IoT NTN)
· Study the usage scenarios and develop enhanced test methodology
· Study and specify the proper performance metric
· Develop preliminary Measurement Uncertainty (MU)  (RAN5)



During the RAN4 #110bis meeting a range of topics was discussed, including device type and potential metric differentiation, assumption on usage scenario, performance metric, and test parameters [2]:

Table 1: Summary of RAN4 #110 agreements on NTN TRP/TRS

	Issue 3-1-1: UE type for NR-NTN 
	RAN4 further check whether the test method/system can be generic for different UE type. If not, further discuss potential prioritization for different UE types (e.g., Handheld and FR1 VSAT-like device). 

	Issue 3-1-2: UE type for IoT-NTN 
	RAN4 could further discuss the target UE form factors and corresponding size, antenna design, etc., for IoT NTN OTA

	Issue 3-1-3: Usage scenarios for NR-NTN and IoT-NTN handheld UE
	RAN4 further discuss the usage scenarios for NR-NTN and IoT-NTN. Input from satellite operators is encouraged
usage scenario can be considered with performance metric together

	Issue 3-2-1: whether RAN4 should consider different performance metric for different UE types or satellite orbits
	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 either GSO or NGSO or both
FFS whether separate metrics for NR/IoT NTN UEs based on their support for either 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



	Issue 3-2-2: Proper performance metric for NR-NTN 
	Consider the following initial input as a starting point for further discussions:
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

Option 2: consider 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.

Option 3: consider 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

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 q and f. 

Option 5: Consider the following aspects for NTN performance metric
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 a EIRP/EIS CDF-like performance metric and be considered.

Option 6: other aspects are not precluded

	Issue 3-3-1: Test method for NR-NTN and IoT-NTN 
	RAN4 further discuss potential test methods based on consideration in topics 3-1 and 3-2.
Based on FR1 frequency range, above 10 GHz bands are not included in the NTN OTA discussion

	Issue 3-3-2: Test parameters for NR-NTN and IoT-NTN 
	RAN4 should define detailed OTA test parameters for NTN bands, e.g., CBW, SCS, Modulation, RB allocation, for both NR-NTN and IoT-NTN. Alignment with conducted test parameters can be considered. Input from satellite operators is encouraged. 
RAN4 further discuss and check whether NR/IoT NTN radiated requirements shall be verified when Doppler conditions are set to zero and delay conditions are set to constant for all types of satellites. 

	Issue 3-3-3: Settings of UE  
	RAN4 further discuss whether specific setting for NTN UE is needed, e.g., consider Soft-assistant function, allowance of TAS.

	Issue 3-3-4: test campaign of NTN UE 
	Given no requirements work for NTN devices in Rel-19, no test campaign is planned. 



This contribution provides our further views related to this objective.
2	Discussion
2.1	Device type
The assumptions that can be made about the user’s interaction with the device connected to NR/IoT NTN is the first consideration which needs a resolution, as captured by Issue 3-1-1 in the Way Forward from the RAN4 #110bis meeting [2].  We refer to the justification of the Rel-17 NR NTN work item for the following background information [3]:

	As per TR 38.821, it shall be assumed that handheld devices in FR1 and “VSAT” devices with external antenna (including fixed and moving platform mounted devices) can be considered for NTN for the RAN1-3 specifications.



[bookmark: _Toc166398330][bookmark: _Toc166416640][bookmark: _Toc166481679]Observation 1:	The “VSAT” category of devise includes a diverse range of device form factors and antenna solutions.

Considering the diverse range of form factors associated with the “VSAT” category, it is our preference to focus the Rel-19 RAN4 effort on the most anticipated device type, which is the handheld UE. 

[bookmark: _Toc166398331][bookmark: _Toc166416642][bookmark: _Toc166481681]Proposal 1:	RAN4 to prioritize the handheld UE device type for Rel-19 NTN OTA work. 

Further reviewing the handheld UE assumptions made in the study item on NTN architecture, we have the following target performance per usage scenario from TR38.821 [4]:
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Considering the pedestrian handheld and IoT scenarios, the DL data rate ranges from 2 kbps to 2 Mbps, and the UL data rate ranges from 10 kbps to 250 kbps.  For comparison, we refer to the Rel-15 NR Stage 1 specification in TS22.261 [5]:
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The NR Stage 1 requirements specify DL data rate ranging from 15 Mbps to 1 Gpbs, and UL data rate ranging from 7.5 Mbps to 500 Mbps.  This vast gap in data rate service requirements between the general NR mobile broadband network and the NR/IoT NTN network implies that the most common use case for the NTN network may not be a real-time or high data rate application.  Considering the potentially lower data rates expected for these links than eMBB, it is useful to discuss whether the talk mode test condition is applicable to such devices.  For example, if the primary use case for these devices is messaging/SMS, then only browsing mode (with hand phantom) can be the prioritized test condition.

[bookmark: _Toc166398332][bookmark: _Toc166416643][bookmark: _Toc166481682]Proposal 2:	RAN4 to prioritize the browsing mode (with hand phantom) test condition for NR/IoT NTN devices. 

2.2	Test conditions
The Rel-17 NTN specification includes capabilities and requirements for GSO and NGSO satellite deployment conditions.  From the RF test configuration perspective, these conditions also have an impact.  TS 36.102 specifies the following side conditions for IoT NTN:
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TS 38.101-5 specifies the following side conditions for NR NTN:
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Considering that non-zero Doppler side conditions are already verified using the frequency error test cases, the test methodologies for TRP and TRS should follow the same test conditions as those already agreed for general transmitter and receiver characteristics.

[bookmark: _Toc163471918][bookmark: _Toc163481693][bookmark: _Toc163482094][bookmark: _Toc163482656][bookmark: _Toc166398333][bookmark: _Toc166416644][bookmark: _Toc166481683]Proposal 3:	NR/IoT NTN radiated requirements shall be verified when Doppler conditions are set to zero and delay conditions are set to constant for all types of satellites. 

Although some considerations related to the distinction of GSO and NGSO scenarios have emerged in core requirement and conformance discussions in terms of performance metrics, these distinctions should remain in the conducted domain.  An OTA test system which also models Doppler shift can lead to unnecessary test system complexity and longer test times.

[bookmark: _Toc163481694][bookmark: _Toc163482095][bookmark: _Toc163482657][bookmark: _Toc166398334][bookmark: _Toc166416645][bookmark: _Toc166481684]Proposal 4:	RAN4 shall strive to specify a single set of OTA requirements applicable to both GSO and NGSO types of UEs.

For IoT and NR NTN, RAN4 should consider matching the TS 36.102 and 38.101-5 MOP/REFSENS side conditions for the TRP and TRS requirements, respectively.  RAN4 should consider bands B256/n256, B255/n255, B254n254 as a starting point, and any additional bands concluded in the Rel-10 timeframe should be included in the TOA specifications as well.  Furthermore, both PC3 (Rel-17 NTN baseline) and PC2 (part of Rel-19 work) should be included.

[bookmark: _Toc166416646][bookmark: _Toc166481685]Proposal 5:	RAN4 shall strive to match the bands, power class, and test configurations of the IoT/NTN radiated specification with the conducted MOP/REFSENS conditions (TS 36.102 and TS 38.101-5).

2.3	Test metric
RAN4 has discussed many options related to the test metric for NTN devices, with Issue 3-2-2 of the RAN4 #110bis Way Forward capturing the various options and sub-options [2].  The proposals which feature integrating the radiated metrics of EIRP and EIS over angles that do not span the entire sphere can be motivated by the observation that for NTN devices it could be feasible to assume that a connection manager assists the user with positioning the device to obtain a higher quality signal [6].

[bookmark: _Toc166416641][bookmark: _Toc166481680]Observation 2:	For handheld UEs, RAN4 should discuss whether it is feasible to assume that a connection manager assists the user with positioning the device.

If it could be assumed that the user is more likely to interact with the UE by holding it in a certain position (e.g. portrait mode) and elevated to a certain position (or range of positions), then an argument can be made for defining the TRP and TRS metric as partial integrals over a subset of elevation angles, as an example, or other similar schemes.  Given this observation, it follows that the design and performance of such implementation-specific schemes can vary widely depending on form factor design, region, band, and satellite constellation.  Additional band-specific aspects, such as the impact of duplexer separation on the accuracy of such device positioning algorithms, should also be considered by RAN4.  In general, RAN4 should consider the range of elevation and azimuth angles which have dominant impact on radiated performance of the device under the assumed user interaction scenario as a parameter declared by the manufacturer.

[bookmark: _Toc166416647][bookmark: _Toc166481686]Proposal 6:	RAN4 to consider the range of elevation and azimuth angles which have dominant impact on radiated performance of the device under the assumed user interaction scenario as a parameter declared by the manufacturer.

As RAN4 evaluates the feasible range of elevation and azimuth angles applicable for this declaration, we recommend selecting several options for the manufacturer to choose from.  In general, the narrower span of angles implies a design which relies on an accurate device positioning algorithm and an antenna design which focuses the radiated energy into the intended angular span.  On the other hand, a broader span implies a design able to tolerate more positioning error.  The broadest span can be defined as a fallback parameter:  in case no manufacturer declaration is made to the test lab.  This can be the half-sphere measurement, where azimuth angles span 360 degrees and elevation 180 degrees.

On the test metric itself, RAN4 has two broad options:
Option 1:	surface integral or EIRP/EIS over the specified range of angles and normalized by the isotropic radiator performance over the same angles or
Option 2:	Outage value corresponding to the Nth percentile of the CDF of EIRP/EIS over the specified range of angles.

Our preference is to consider Option 2 (outage value corresponding to the Nth percentile of the CDF of EIRP/EIS over the specified range of angles).

[bookmark: _Toc166416648][bookmark: _Toc166481687]Proposal 7:	RAN4 to consider defining the NTN OTA metric as the outage value corresponding to the Nth percentile of the CDF of EIRP/EIS over the specified range of angles (Nth percentile FFS).

3	Conclusions
This contribution provides our views on the topic of TRP/TRS methodology development for IoT/NR NTN devices.  The following observation and proposal are made:

Observation 1:	The “VSAT” category of devise includes a diverse range of device form factors and antenna solutions.
Observation 2:	For handheld UEs, RAN4 should discuss whether it is feasible to assume that a connection manager assists the user with positioning the device.

Proposal 1:	RAN4 to prioritize the handheld UE device type for Rel-19 NTN OTA work.
Proposal 2:	RAN4 to prioritize the browsing mode (with hand phantom) test condition for NR/IoT NTN devices.
Proposal 3:	NR/IoT NTN radiated requirements shall be verified when Doppler conditions are set to zero and delay conditions are set to constant for all types of satellites.
Proposal 4:	RAN4 shall strive to specify a single set of OTA requirements applicable to both GSO and NGSO types of UEs.
Proposal 5:	RAN4 shall strive to match the bands, power class, and test configurations of the IoT/NTN radiated specification with the conducted MOP/REFSENS conditions (TS 36.102 and TS 38.101-5).
Proposal 6:	RAN4 to consider the range of elevation and azimuth angles which have dominant impact on radiated performance of the device under the assumed user interaction scenario as a parameter declared by the manufacturer.
Proposal 7:	RAN4 to consider defining the NTN OTA metric as the outage value corresponding to the Nth percentile of the CDF of EIRP/EIS over the specified range of angles (Nth percentile FFS).
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Table 7.1-1 Performance requirements for high data rate and traffic density scenarios.

Scenario Experience | Experience | Area traffic Area traffic Overall Activity UE speed Coverage
d data rate d data rate capacity capacity user factor
(DL) (UL) (DL) (UL) density
1 Urban 50 Mbps 25 Mbps 100 50 10 000/km? 20% Pedestrians | Full
macro Gbps/km? | Gbps/km? and users in | network
(note 4) (note 4) vehicles (up | (note 1)
to 120 km/h
2 Rural 50 Mbps 25 Mbps 1 500 100/km? 20% Pedestrians | Full
macro Gbps/km? | Mbps/km? and users in | network
(note 4) (note 4) vehicles (up | (note 1)
to 120 km/h
3|  Indoor 1 Gbps 500 Mbps 15 2 Thps/km? 250 note 2 Pedestrians | Office and
hotspot Thps/km? 000/km? residential
(note 2)
(note 3)
4| Broadban 25 Mbps 50 Mbps [3,75] [7.5] [500 30% Pedestrians | Confined
d access Thps/km? Thps/km? 000]/km? area
in a crowd
5 Dense 300 Mbps 50 Mbps 750 125 25 000/km? 10% Pedestrians | Downtown
urban Gbps/km? Gbps/km? and users in | (note 1)
(note 4) (note 4) vehicles (up
to 60 km/h)
6| Broadcast- | Maximum N/A or N/A N/A [15] TV N/A Stationary Full
|i|{e 200 Mbps modest channels users, network
services (per TV (e.g., 500 of [20 pedestrians | (note 1)
channel) kbps per Mbps] on and users in
user) one carrier vehicles (up
to 500 km/h)
7 High- 50 Mbps 25 Mbps 15 7.5 1 000/train 30% Users in Along
Spe.ed Gbps/train | Gbps/train trains (up to | railways
train 500 km/h) | (note 1)
8 High- 50 Mbps 25 Mbps [100] [50] 4 000/km? 50% Users in Along
speed Gbps/km? | Gbps/km? vehicles (up | roads
vehicle to 250 km/h) | (note 1)
9| Airplanes 15 Mbps 7,5 Mbps 1,2 600 400/plane 20% Users in (note 1)
connectivity Gbps/plan | Mbps/plan airplanes (up
e e to 1 000
km/h)

NOTE 1: For users in vehicles, the UE can be connected to the network directly, or via an on-board moving base station.
NOTE 2: A certain traffic mix is assumed; only some users use services that require the highest data rates [2].
NOTE 3: For interactive audio and video services, for example, virtual meetings, the required two-way end-to-end latency
(UL and DL) is 2-4 ms while the corresponding experienced data rate needs to be up to 8K 3D video [300 Mbps] in
uplink and downlink.
NOTE 4: These values are derived based on overall user density. Detailed information can be found in [10].
NOTE 5: All the values in this table are targeted values and not strict requirements.
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A.3.2 Test condition for transmitter characteristics

All requriements in section 6 for transmitter characteristics, other than frequency error in clauses 6.4A.1 and 6.4B.1,
shall be verified when Doppler conditions are set to zero and delay conditions are set to constant for all types of
satellites.

Frequency error requirement in clauses 6.4A.1 and 6.4B.1 shall be verified for at least two cases: one with zero Doppler
condition and the other one with constant Doppler (different from zero) up to 0.93 ppm for GSO satellites and up to 24
ppm for NGSO satellites.

A.3.3 Test condition for receiver characteristics

All requirements in section 7 for receiver characteristics shall be verified when Doppler conditions related to satellite
motion for DL in service link are set to zero and delay conditions are set to constant for all types of satellites.
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A.4.2 Test condition for transmitter characteristics

All requriements in section 6 for transmitter characteristics, other than frequency error in clause 6.4.1, shall be verified
when Doppler conditions are set to zero and delay conditions are set to constant for all types of satellites.

Frequency error requirement in clause 6.4.1 shall be verified for at least two cases: one with zero Doppler condition and
the other with a constant Doppler shift where the range of the absolute value of Doppler is greater than zero and up to
[0.93] ppm if the IE field ntn-ScenarioSupport-r17 is present and indicated as GSO and up to 24 ppm if the IE field ntn-
ScenarioSupport-r17 is present and indicated as NGSO or only the IE field nonTerrestrialNetwork-r17 is present. The
delay condition is a constant.

A.4.3 Test condition for receiver characteristics

All requirements in section 7 for receiver characteristics shall be verified when Doppler conditions are set to zero and
delay conditions are set to constant for all types of satellites.
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Table B.2-1: Non-Terrestrial network target performances per usage scenarios

Experience | Overall Activit
Usage data rate ue | ety | Max uE ) UE
" . factor Environment : Sources
scenarios (note 2) density (note 3) speed categories
DL UL per km2
Data rate => see 7.10.1
"extreme coverage
2 60 Extreme performance” in [13];
- Mbps | kbps 100 1.50% 3 kmh coverage _ Activity factor: see table
6.1.6-1 "extreme rural"
in [13]
NGMN
(https://www.ngmn.org/)
2 250 Extreme roject on Extreme
- Mbps | kbps 100 1.50% 3kmh coverage _ Eor{g-Range
Communications for
Deep Rural Coverage
. Along roads in . .
Vehicular 50 25 : Vehicular data rate and activit,
connectivity | Mbps | Mbps TBD NA. 250 km/h :;)W pppula(lon mounted factorin TS 22.261[)1,2]
ensity areas
Data rate =>assuming
per end-user 50/25
Mbps data rate and an
. 50 25 Extreme Buildin, average of 5 end-user
Stationary Mbps | Mbps TBD NA. 0kmh coverage mountegd devicgs per stationary
UE) rate and 20%
activity factor per end-
user device
Data rate =>assuming
per end-user 15/7.5
Mbps data rate and 20%
. . activity factor per end-
?&I)rr?r:ir:taiiity :ﬁls 11\/I8bc|’.)s TBD N.A. :(rgﬁ]o Open area ;\:{ﬂ:?e Z user devices (See [12]);
number of users per
airplane: average
aircraft size (assuming
120 users per plane)





