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1.	Introduction
3GPP has been discussing the frequency Doppler present in Non-Terrestrial Networks Communications and the responsibilities of compensating such effect enabling the communication ([1], [2]).
Such information was considered during the RAN4 discussions trying to define UE core requirements ([3],[4]).
This document analyses the outcome of such discussions and proposes a way forward to progress on test specifications implications related to this topic.
[bookmark: OLE_LINK53]2. 	Discussion
2.1 Frequency Doppler in service and feeder links
According to 3GPP TS 36.300 section 23.21.2.2 ([2]), in IoT Non-Terrestrial Networks communications there will be Doppler shift in both the service link and the feeder link. To enable the communications, pre-compensation is required by the UE for service link and by network for feeder link:
[image: ]
Figure 1: Overall illustration of an NTN
[image: ] 
However, according to the agreement achieved in RAN4#106 through R4-2303538 ([4]), Issue 2-6, zero Doppler shall be applied for all RF requirements unless otherwise stated (i.e except for frequency error at least in NGSO):
[image: ]
This agreement has not fully reached yet 3GPP TS 36.102 ([5]), except for the wording in frequency error core requirements in sections 6.4A.1 and 6.4B.1, where it is indicated that the frequency error core requirements should be verified for at least two cases of which one has zero Doppler conditions:
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2.2 Doppler shifts in different types of satellites
Both Geosynchronous and Non-Geosynchronous orbit satellites are under the scope of IoT NTN Work Item.
These satellites have different characteristics:
- NGSO (Non – Geosynchronous Orbit)
The main characteristics of NGSO satellites are: 
· NGSO satellites includes Low-Earth Orbit (LEO) and Medium-Earth Orbit (MEO) satellites: 
· LEO satellites are in orbits in an altitude range between 300 km and 1500 km [6]. 
· MEO satellites are in orbits in an altitude range between 7000 km and 25000 km [6].
· High relative satellite velocity with respect to the UE.
Due to the characteristics described above the NGSO links present the following features:
· Larger Doppler shift caused by the large relative velocity between the satellite and UE (compared to GSO).
· Lower delays caused by the satellite altitude (compared to GSO) with high variability in distance and delay between satellite and UE due to high relative velocity with respect to fixed point on earth (UE).
· Limited visibility due to the large relative velocity between the satellite and UE.
· Doppler shifts and delays will vary with time due to satellite motion in its orbit.
-GSO (Geosynchronous Orbit)
The main characteristics of GSO satellites are: 
· GSO satellites are located in an Earth-centred orbit at a constant altitude of 35,786 km with an orbital period that matches Earth's rotation on its axis (23 hours, 56 minutes, and 4 seconds). 
· For an observer on Earth's surface, a satellite in a geosynchronous orbit returns to exactly the same position in the sky after a period of one sidereal day. 
· Over the course of a day, the object's position in the sky may remain still or trace out a path, typically in a figure-8 form, whose precise characteristics depend on the orbit's inclination and eccentricity. 
· A special case of geosynchronous orbit satellites is the geostationary orbit satellite (GEO), which is a circular geosynchronous orbit in Earth's equatorial plane with both inclination and eccentricity equal to 0. 
· A satellite in a geostationary orbit remains in the same position in the sky to observers on the surface.
· Low relative satellite velocity with respect to the UE (compared to NGSO).
Due to the characteristics described above the GSO links present the following features:
· Lower Doppler shift (compared to NGSO satellites). In the case of geostationary satellite, Doppler shift will be zero.
· Longer delays caused by the satellite altitude (compared to NGSO satellites).
· Unlimited visibility for a wide range of UE locations.
· Doppler shifts and delays will vary with time due to satellite motion in its orbit (although less than for NGSO satellites). In the case of GEO satellites, delays due to orbit geometry will be constant and Doppler shift is induced only due to a UE movement [7]. However, perturbations caused by the gravity of other bodies like sun and/or moon, the non-spherical shape of the earth causing an irregular gravitational force around it and other orbit imperfections introduce small delay change and Doppler shift also in GEO case [7], but that can be assumed negligible for most of the practical testing for simplicity.
2.3 Feeder link Doppler shift
As described in 3GPP TS 36.300 section 23.21.2.2 ([2]), the management of Doppler shift experienced over the feeder link and transponder frequency error is left to the network implementation. 
In case of UE testing, Test Equipment (TE) acts as network. Whether TE should emulate frequency Doppler shift in the feeder link and then pre-compensate it or just skip such emulation needs to be discussed. 
As no emulation at all of feeder link frequency Doppler (with no pre-compensation of it) will add lower measurement uncertainties to UE testing (due to errors that TE could introduce either in the emulation or the pre-compensation), it is proposed not to include frequency Doppler emulation nor its pre-compensation in the TE.
[bookmark: Prop1]Proposal 1: Test equipment does not need to emulate nor pre-compensate feeder link frequency Doppler.
2.4 Service link Doppler shift: emulation and pre-compensation
2.4.1 Zero Doppler shift conditions
As described in section 2.1 in this document, most of the requirements in 3GPP TS 36.102 ([5]), except for frequency error, should be verified when Doppler conditions are set to zero (even frequency error test should include a case with zero Doppler conditions) according to the agreement in [4].
According to Keysight’s understanding, it is not fully clear what Doppler conditions set to zero means:
1. Does it refer to zero DL and UL Doppler shifts, i.e. only test devices against a GEO satellite including also constant delays (as per section 2.2)?
· If this is the case, according to 3GPP TS 36.306 [1] capability ntn-ScenarioSupport-r17, there could be devices supporting only NGSO scenarios which couldn’t be tested:
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· If this is not the case, would it make sense to de-couple service link frequency Doppler shifts from delays due to satellite orbit for GSO (different from GEO) and NGSO satellites, being frequency Doppler shifts equal to zero but delays different from constant? 
2. Does it refer to a test verification scenario with zero DL Doppler shift in the service link only?
· If this is the case, 
· As the UE shall compute the Doppler shift of the service link, and autonomously pre-compensate for it in the uplink transmissions, by considering UE position and the ephemeris signalled, the UE will keep pre-compensating its UL frequency based on signalled information despite zero Doppler conditions in the DL of the service link. Hence, the TE will observe bad performance (except for GEO satellites) in general if TE receiver is configured to receive at the frequencies the network should receive for the emulated satellite. 
· Assuming that, as in terrestrial networks, UE also considers the actual DL frequency information to adjust its UL frequency, it might happen that the connection can’t be established or is lost depending on the type of satellite described in the ephemeris information signalled.
· For GSO (different from GEO) and NGSO satellites, as the UE will adjust its UL frequency along time based on the ephemeris information signalled (considering the satellite orbit), connection could be lost during measurement time in the test case.
3. Does it refer to UL Doppler shift in the service link only?
· If this is the case, the verification of frequency error core requirement under zero Doppler conditions would not have any value.
4. Is it assuming that a special test mode is required so the UE will deactivate service link frequency Doppler pre-compensation in the UL?
· If this is the case, testing will not emulate a realistic scenario and the value of testing will decrease dramatically. 
However, it is understood that current core requirements defined to be verified with zero Doppler conditions have not considered any tolerance due to UE errors associated to the Doppler computation or pre-compensation although this would have been the correct approach to provide value to the conformance testing to ensure success on actual operator deployments.
[bookmark: Prop2]Proposal 2: Send an LS to RAN4 to ask for further clarifications on what zero Doppler conditions mean.
Initial proposal for this LS can be found in Annex A. 
[bookmark: Prop3]Proposal 3: Further discuss, whether TE needs to emulate service link Doppler in either the DL and the UL for core requirements different from frequency error.
2.4.2 Non-zero frequency Doppler conditions (at least for frequency error test)
When evaluating non-zero Doppler conditions (at least for frequency error test), the first concern that comes into discussion is whether such non-zero Doppler conditions are static or dynamic, i.e. whether Doppler and delays change along time.
As described in section 2.2, either for GSO satellites with inclination different from 0º and for NGSO satellites, in the actual network, Doppler and delays will change with time (both are related). When UE is computing and pre-compensating the Doppler in the service link, it will correct its UL frequency following the Doppler shifts and delays variations with time estimated based on satellite ephemeris information.
The propagation link delays and Dopplers play an important role in satellite communications link performance testing due to high relative satellite velocity in NGSO case and long propagation delay and also variation of delay over the orbit period in GSO case. 
As RAN5 needs to ensure an acceptable test coverage of core requirements, testing non-zero Doppler conditions with variable Doppler shifts and delays shall be included in the testing of at least frequency error test.
[bookmark: Prop4]Proposal 4: Include, at least in frequency error test, a test point covering non-zero Doppler conditions with variable Doppler shifts and delays. TE shall emulate non-zero Doppler conditions with variable Doppler shifts and delays in the service link for this test point.
If Proposal 4 is approved, the following point to discuss would be the factors to be considered in the variable service link Doppler shift:
· Geometry of the system:
The main contributor of delay and Doppler shift is the geometry of the NTN system itself. In the NGSO case, the movement of the satellite respect to the UE, due to its higher relative velocity, changes the elevation angle and the distance between them, which in turn modify the delay and generates a Doppler shift. In the GSO case, the inclination of the orbit itself is the main contributor of delay variation and Doppler shift because it generates a relative motion with respect to the UE, which in turn produces a change in the distance and elevation angle between them. This implies the larger the orbital inclination, the larger the variation of delay and Doppler shift. In the GEO case, the orbital inclination is zero degrees, so no relative motion between satellite and UE is produced; therefore, distance and delay are constants, and no Doppler shift is induced unless UE is moving, theoretically.

· Gravity Perturbation: 
Gravity plays a fundamental role in the satellite motion. However, gravity perturbations only play a small role in the generation of delay and Doppler shift because the changes in distance, relative velocity and/or elevation angle between satellite and UE are much smaller compared to the ones produced by the geometry of the system and can be considered negligible (very small for GSO and even lower for NGSO). 
For NGSO, gravity perturbation can be considered negligible.
For GSO case, the effect of gravity perturbations in delay difference and Doppler shift generation depends on the orbital inclination of the satellite, the larger the orbital inclination, the smaller the effect in delay difference and Doppler shift generation. 
Finally, in GEO case, the gravity perturbations are the only source of delay difference and Doppler shift, although it effect is very small. 
[bookmark: Prop5]Proposal 5: TE shall emulate geometry of the system Doppler effect for all types of satellites and consider only gravity perturbation Doppler effect in GSO whenever non-zero Doppler conditions with variable Doppler shifts and delays are required.
2.5 Need of GNSS emulation
As described in section 2.1, the computes the frequency Doppler shift of the service link, and pre-compensates for it in the uplink transmissions, by considering UE position and the ephemeris. If the UE does not have a valid GNSS position and /or valid ephemeris and Common TA, it shall not transmit until they are regained.
This implies that when defining IoT NTN test cases, TE should provide somehow information about UE location.
2.5.1 Alternatives to provide UE with location information
There are 2 alternatives to provide UE with appropriate location information:
- Option 1: Test system to provide satellite signal with a GNSS emulator and let standalone GNSS receiver in the UE to acquire the position from satellite.
- Option 2: Test system to send AT command to the UE where location information is provided.
AT+CPOS command according to section 8.55 in 3GPP TS 27.007 ([9]) could be one candidate, where location information is provided to the UE in XML format after sending this AT command:
[image: ][image: ]
Other proprietary much simpler AT commands could be used instead of AT+CPOS if AT+CPOS seems to complex.
2.5.2 Analysis of RAN4 requirements in terms of how to provide UE with appropriate UE location information
When analysing 3GPP TS 36.102 ([5]) trying to find any clues on how to provide UE with appropriate UE location information, the only statement that can be found is in frequency error core requirements as shown below:
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The word “explicitly” in the above highlighted sentences could be understood as there is no need to exercise UE GNSS receiver but TE to provide directly the UE location by other means (i.e. Option 2 in section 2.5.1).
There is no other explicit statement regarding UE location in other RF or demod test cases.
[bookmark: Obs1]Observation 1: 3GPP TS 36.102 ([5]) is not defining any strong TE requirement for RF or demod test cases about the need of emulating GNSS.
[bookmark: Prop6]Proposal 6: When defining test cases in 36.521-4 ([10]), TE shall provide UE location through AT commands or any other preconfigured means.
However, for 3GPP TS 36.133 ([11]), the agreement according to R4-2306370 ([12]) has been as follows:
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· [bookmark: Obs2]Observation 2: 3GPP TS 36.133 ([11]) will define in which test cases TE should provide UE location through GNSS emulation and in which it should be done through AT commands.
· 
· [bookmark: Prop7]Proposal 7: When defining test cases in 36.533 ([13]), TE shall provide UE location through GNSS emulation or AT commands as defined in 3GPP TS 36.133 ([11]).
2.6 Updating UE location when UE is motion
Demodulation requirements as well as some RRM requirements include multipath propagation conditions as agreed in R4-2305962 ([14]), which are somehow emulating that the UE is in motion.
As described in section 2.1, the UE computes the frequency Doppler shift of the service link, and pre-compensates for it in the uplink transmissions, by considering UE position and the ephemeris. If the UE does not have a valid GNSS position and /or valid ephemeris and Common TA, it shall not transmit until they are regained.
As IoT NTN technology requires valid UE location to work, it is required to clarify whether in these test cases UE location needs to be updated according to the device motion.
Regarding this topic, in R4-2305995 [15] the following agreement was included:
[image: ]
[bookmark: Prop8]Proposal 8: Further clarify whether in IoT NTN demod and RRM  test cases defined for multipath propagation conditions, there is a TE requirement to update UE location following UE motion emulated.

3. 	Conclusion
This document analyses discussions in different 3GPP working groups regarding the frequency Doppler in Non-Terrestrial Network communications and proposes a way forward to progress on test specifications implications related to this topic.
The following proposals are made:
Proposal 1: Test equipment does not need to emulate nor pre-compensate feeder link frequency Doppler.
Proposal 2: Send an LS to RAN4 to ask for further clarifications on what zero Doppler conditions mean.
Proposal 3: Further discuss, whether TE needs to emulate service link Doppler in either the DL and the UL for core requirements different from frequency error.
Proposal 4: Include, at least in frequency error test, a test point covering non-zero Doppler conditions with variable Doppler shifts and delays. TE shall emulate non-zero Doppler conditions with variable Doppler shifts and delays in the service link for this test point.
Proposal 5: TE shall emulate geometry of the system Doppler effect for all types of satellites and consider only gravity perturbation Doppler effect in GSO whenever non-zero Doppler conditions with variable Doppler shifts and delays are required.
Observation 1: 3GPP TS 36.102 ([5]) is not defining any strong TE requirement for RF or demod test cases about the need of emulating GNSS.
Proposal 6: When defining test cases in 36.521-4 ([10]), TE shall provide UE location through AT commands or any other preconfigured means.
Observation 2: 3GPP TS 36.133 ([11]) will define in which test cases TE should provide UE location through GNSS emulation and in which it should be done through AT commands.
Proposal 7: When defining test cases in 36.533 ([13]), TE shall provide UE location through GNSS emulation or AT commands as defined in 3GPP TS 36.133 ([11]).
Proposal 8: Further clarify whether in IoT NTN demod and RRM  test cases defined for multipath propagation conditions, there is a TE requirement to update UE location following UE motion emulated.
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Annex A
3GPP TSG-RAN WG5 Meeting #99	R5-23xxxx
Incheon, Korea, 22nd -26th May 2023

Title:	LS on zero Doppler conditions clarifications for Non-Terrestrial Networks
Response to:	-
Release:	Rel-17
Work Item:	NR_NTN_solutions, LTE_NBIoT_eMTC_NTN_req

Source:	RAN WG5
To:	RAN WG4
Cc:	-

Contact Person:	
Name:	Flores Fernández	
E-mail Address:	flores_fernandez@keysight.com

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 	

Attachments:	R5-23xxxx (Frequency Doppler in NR NTN communications)


1. Overall Description:
While defining test specifications for Non-Terrestrial Networks, RAN5 identified non-realistic constrains defined in UE core requirements associated to service link frequency Doppler that could lead to some testability issues (refer to attachment).

2. Actions:
To RAN WG4:
ACTION: RAN5 would like to kindly ask RAN4 either to further clarify zero Doppler conditions or revisit Non-Terrestrial Networks UE core requirements to include additional tolerances depending on the type of satellite (GSO vs NGSO) to accommodate impact of more realistic non-zero Doppler conditions. 

3. Date of Next RAN WG5 Meetings:
TSG RAN WG5 Meeting #100			August 21st – 25th, 2023		Toulouse, FR
TSG RAN WG5 Meeting #101			November 13th – 17th, 2023 	Chicago, US
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p3.21.22  Timing Advance and Frequency Pre-compensation

For the serving cell, the network broadcast ephemeris information and common Timing Advance (common TA)
parameters

‘The UE shall have valid GNSS position as well as the ephemeris and common TA before connecting to 20 NTN cell.
To achieve synchronisation, before and during connection to a cell, the UE shall pre-compensate the Timing Advance
(Tza, see TS 36211 [4] clause 8.1), see Figure 23.21.2.2-1, by considering the common TA, UE position and the NTN
payload position through the ephemeris.

The UE computes the frequency Doppler shift of the service link, and pre-compensates for it in the uplink
transmissions, by considering UE position and the ephemeris. If the UE does not have a valid GNSS position and/or
valid ephemeris and Common TA, it shall not transmit until they are regained.

In connected mode, the UE shall continuously update the Timing Advance and frequency pre-compensation, but the UE
is not expected to perform GNSS acquisition. In connected mode, upon outdated ephemeris and common Timing
Advance, the UE shall acquire the broadcasted parameters and upon outdated GNSS position the UE shall move to idle
mode.

‘The UEs may be configured to report Timing Advance at initial access or in connected mode. In connected mode
triggered reporting of the Timing Advance is supported.

Dotink radio fame

Uplink radio fame

7., seconds

Figure 23.21.

1 lllustration of Uplink/Downlink Radio Frame Timing at the UE

‘While the pre-compensation of the instantancous Doppler shift experienced on the service link i to be performed by the
'UE, the management of Doppler shift experienced over the feeder link and transponder frequency error, whether
introduced in Downlink or Uplink, is left to network implementation.
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Issue 2-6: RF requirements verification

<Agreement in Main session>

W Zero doppler shall be applied for all RF requirements unless otherwise stated (i.e., except for frequency error at
least with NGSO)
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6.4A.1 Frequency error for UE category M1

For category M1 UE, the basic measurement interval of modulated carrier frequency is 1 UL timeslot (0.5ms). The UE
pre-compensates the uplink modulated carrier frequency by the estimated Doppler shift based on received ephemeris
information of the SAN in IE Ephemerisinfo (TS 36.331 [6]), its own location and UL carrier frequency signalled to the
UE by the SAN (according to T$36.300 [8] clause 16.14.2).

For category M1 FD-FDD UEs and for category M1 HD-FDD UEs with continuous uplink transmissions of duration <
64 ms, the mean value of basic measurements of UE pre-compensated modulated carrier frequency shall be accurate to
within + 0.1 PPM observed over a period of one time slot (0.5 ms) compared with the ideally pre-compensated UL

carrier frequency.

For category M1 HD-FDD UEs with continuous uplink transmissions of duration > 64 ms, the mean value of basic
measurements of UE pre-compensated modulated carrier frequency shall be accurate within the limits in Table 6.4A.1-1
observed over a period of one time slot (0.5 ms) compared with ideally pre-compensated UL carrier frequency.

When a repetition period is configured on the uplink for which repetition period (R ) >1, the UE shall not change
Doppler pre-compensation during an ongoing repetition period, except in the transmission gaps as defined in clause
10.13.6 of TS 36.211(3]. When segmentation is applied, then the UE shall update pre-compensation at the beginning of
cach segment prior to segment transmission.

[NOTE:  The ideally pre-compensated reference uplink carrier frequency consists of the UL carrier frequency
signalled to the UE by SAN and UL pre-compensated Doppler frequency shift corresponding to the
estimated Doppler frequency at the beginning of the transmission. For the test case, the location of the UE
is explicitly provided to the UE from the test equipment.]

Requirement will be verified for at least two cases of which one has zero Doppler conditions.
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6.4B.1 Frequency error for UE category NB1 and NB2

For UE category NB1 and NB2, the UE pre-compensates the uplink modulated carrier frequency by the estimated
Doppler shift based on reccived ecphemeris information of the SAN in IE Ephemerisinfo (TS 36.331 [6)),its own
location and UL carrier frequency signalled to the UE by the SAN (according to TS36.300 [8] clause 23.21.2.2).

‘The UE pre-compensated modulated carrier frequency shall be aceurate to within the limits in Table 6.4B.1-1, observed
over a period of one time slot (0.5 ms for 15 kHz sub-carricr spacing and 2 ms excluding the 2304Ts gap for 3.75 kHz
sub-carrier spacing) and averaged over 72/Lcu slots (where Leune = {1, 3, 6, 12} is the number of sub-carriers used for
the transmission), compared to the ideally pre-compensated reference uplink carrier frequency.

When a repetition period is configured on the uplink for which repetition period (R ) >1, the UE shall not change
Doppler pre-compensation during an ongoing repetition period, except in the transmission gaps as defined in clause
10.13.6 of TS 36.211(3). When segmentation is applied, then the UE shall update pre-compensation at the beginning of
cach segment prior to segment transmission.

[NOTE:  The ideally pre-compensated reference uplink carrier frequency consists of the UL carrier frequency
signalled to the UE by SAN and UL pre-compensated Doppler frequency shift corresponding to the
estimated Doppler frequency at the beginning of the transmission. For the test case, the location of the UE
is explicitly provided to the UE from the test equipment.]

Requirement will be verified for at least two cases of which one has zero Doppler conditions.
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4.3.385 ntn-ScenarioSupport-r17

‘This field indicates whether the UE supports NTN features in GSO or NGSO scenario. The UE indicating support of
nin-ScenarioSupport-r17 shall also indicate support of nin-Connectivity-EPC-r17. 1f a UE does not include this field
but includes nin-Connectivity-EPC-r17, the UE supports the NTN features for both GSO and NGSO scenarios.
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8.55  Positioning control +CPOS

Table 8.55-1: +CPOS Action Command Syntax

Command
TCRoS<CR>

Possible response(s]
ERROR: <err>

textis entered <ctr1-2/ESC>

+cFo

Description

Execution command causes the TE to enter a transparent mode for sending XML formatted data according to
table 8.55-2: XML DTD for <pos>.

Subsequent to +C20S:

the TA shall send a two character sequence <CR><LF> after command line is terminated with <CR>. Then text
can be entered from TE to ME/TA.

the echoing of entered characters back from the TA is controlled by V.23ter echo command E.
sending may be cancelled by giving <ESC> character (IRA 27).

<ctrl-z> (IRA 26) shall be used to indicate the ending of the message body.

Refer clause 9.2 for possible <err> values,
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Table 8.55-2: XML DTD for <pos>
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Issue 3: GNSS Position Acquisition Method

[GNSS or GNSS sigaal emulation] test approach for UE UL transmission timing accuracy requirements and
adopts AT command-based test approach for the rest of the test cases.

Test parameter for GNSS signal power levels defined in [B.6.1] s reused.

How UE receives the GNSS signals and acquires the UE position before/during the testis up to UE.
implementation. And the details are expected to be discussed/determined it in RANS.
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Issue 4: UE location information

o Proposals

~ Option 1 (Qualcomm): Use AT commands and no GNSS receiver for UE location information
o Recommended WF
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