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1.	Introduction
We present our views on the following four open issues for NTN RRM test cases.
· Numerology
· Acquisition of UE Position
· Reference Propagator Model
· Reference Time Instances for UL Timing Accuracy Requirements
2. 	Discussion
Numerology
	· Issue 2-3: Test coverage regarding numerology and duplex mode.
Agreement 
· Test configurations for TDD and numerology higher than 15kHz are not considered.
· FFS on whether to define UE timing TC for 30KHz SCS.
· Test configuration includes both 15KHz SCS and 30KHz SCS cases in the same TC, no separate TC is defined for 30KHz SCS case. 



In the current RRM test case configurations, there is neither FDD nor 10/20MHz of channel bandwidth for 30kHz SCS. We do not see a need to introduce a new set of RRC test configurations for 30kHz SCS.
Proposal 1: RAN4 to not define RRM test cases for 30kHz SCS.

Acquisition of UE Position
	· Issue 5-2: GNSS signal for NTN UE timing related test cases.
Open issues:
· Option 1: the test parameter for GNSS signal power levels defined in B.4.1 is reused in NTN test cases.
· Option 2: use AT command approach to acquire UE location
· AT command approach: Use existing defined AT command: “Update UE Location Information”, defined in TS 38.509 to provide the UE with location coordinates, as used in some existing 3GPP test cases today.



We agree the following aspects pointed out in the last RAN4 meeting:
· It combines a demod test case and an RF/RRM test case, so more complexity. 
· The GNSS signal power levels would need to be decided appropriately by RAN4 to acquire the satellite with sufficient accuracy within a certain time. 
· Acquisition of the GNSS location would take some time so increase test time.

If NTN UE anyway has to meet those requirements defined in TS 38.171, hence, a separate set of verification tests for that according to TS 38.171, we do not think it needs to be repeated in RRM tests again.
As for the exact value of UE position in the RRM tests, it should be defined in such a way that the smallest elevation angle between the UE and satellite(s) is not smaller than 45 deg. because otherwise an achievable SNR would be too much limited based on the evaluation results presented in the following contribution.
· R4-2119586, “General and RRM requirements impacts,” Qualcomm Incorporated, RAN4 #101-e, Nov. 2021.

Proposal 2: For UE position acquisition in NTN tests, RAN4 to adopt “AT command” based approach. The exact UE position should be defined in such a way that the smallest elevation angle between the UE and satellite(s) is not smaller than 45 deg.

Reference Propagator Model
	· Issue 1-1: Margin assumption for evaluating measurement accuracy.
Agreement 
· RAN4 considers propagator model error and timing/frequency error when defining the measurement accuracy.
· FFS on the values of propagator model error and timing/frequency error
· FFS on the definition of propagator model error
· Issue 5-3: Reference time for NTN UE timing related test cases.
Agreement 
· In test cases for NGSO, a test equipment shall adjust the downlink transmission frame boundary/Doppler shift and UL reception timing according to open-loop TA control related parameters defined in the NTN specific system information and the satellite constellation with respect to UE position.
· FFS the following aspects:
· For the transmission timing/Doppler shift adjustment and UL reception timing, RAN4 defines a reference propagator model. 
· The reference propagator model shall be defined in such a way that those UEs using more accurate propagator model than the reference model are not penalized. 
· The reference model can be determined based on companies’ input. Eckstein Hechler based propagator model can be one of the candidate models.



As there have been concerns from companies on the complexity of sophisticated propagator models to be specified in RRM spec, we have compared the satellite positioning performances based on multiple different models and present one of the simplest one among many. In Figure 1, the performances in terms of satellite position error and velocity error are presented when the estimation is based on a basic Kepler propagation equation, which should be found feasible for most of the device types perhaps even including IoT NTN.
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Figure 1. Satellite positioning performances in terms of satellite position error and velocity error when the satellite is on a circular orbit at 600km altitude.

As can be seen from Figure 1, the position error is 3.4m and 6.7m at 5s and 10s, respectively, and the velocity estimation error is 2.6e-5 5 km/s and 5e-5 km/s at 5s and 10s, respectively. Note that SIB-19, which carries satellite ephemeris information, should be broadcasted every 10.24 s (1024 radio frames) because the epoch-time of the ephemeris information is defined with respect to SFN.
	epochTime 
Indicate the epoch time for assistance information (i.e. Serving satellite ephemeris in IE ephemerisInfo and Common TA parameters). When explicitly provided through SIB, or through dedicated signaling, EpochTime is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point. If this field is absent, the epoch time is the end of SI window where this SIB19 is scheduled. This field is mandatory present when provided in dedicated configuration. If this field is absent in ntn-Config provided via NTN-NeighCellConfig the UE uses epoch time from the serving satellite ephemeris. In case of handover, this field is based on the timing of the target cell, i.e. the SFN and sub-frame number indicated in this field refers to the SFN and sub-frame of the target cell. This field is excluded when determining changes in system information, i.e. changes of epochTime should neither result in system information change notifications nor in a modification of valueTag in SIB1.



If we compare the Kepler based achievable satellite positioning error (at 10s from the epoch time) to the maximum satellite positioning error assumed for UL transmission timing requirements (shown in Table 1), a basic Kepler equation based satellite positioning method still leave 23m margin, which is almost 77% of the maximum error.

Table 1. UL Transmission Timing Requirements for TN and NTN UEs
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Observation 1: A basic Kepler equation-based LEO satellite position estimation can achieve an accuracy of 6.7m error, which is 22.3% of the assumption considered for UE UL transmission timing requirements, when the satellite is on a circular orbit at 600km altitude, and a frequency of ephemeris information update is assumed once every 10.24s. And the estimation error of the satellite velocity is insignificant.

Proposal 3: RAN4 to adopt a Keplerian propagator model as a reference satellite positioning model in NTN RRM test cases. And RAN4 to not consider additional error margin in terms of timing and frequency with the following assumptions:
· The LEO satellite is assumed to be on a circular orbit
· SIB19 is broadcasted once every 10.24s
· During the test, an elevation angle between satellite(s) and UE is not smaller than 45 deg.

Reference Time Instances for UL Timing Accuracy Requirements
	· Issue 5-3: Reference time for NTN UE timing related test cases.
Agreement 
· For the test requirement, the reference time should be (NTA + NTA_offset + NTA,common + NTA,UE-specific) ×Tc ± Te_NTN
· FFS NTA,UE-specific and NTA,common used by test system do not include UE GNSS estimation error and satellite positioning error from UE calculation.
· In test cases for NGSO, a test equipment shall adjust the downlink transmission frame boundary/Doppler shift and UL reception timing according to open-loop TA control related parameters defined in the NTN specific system information and the satellite constellation with respect to UE position.



It was agreed in the last RAN4 meeting that TE shall adjust the downlink transmission frame boundary and UL reception timing. For that, time instances for DL and UL shall be precisely defined in test case descriptions. As presented in our contributions submitted in the past RAN4 meetings (R4-2203856, R4-2207960), NTN propagation delays over forward (DL) and reverse (UL) links are not symmetric (See S3/F3 and S4/F4 in Fig. 2 and Fig. 3) for the same slot index.
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Fig 2. Reference system model of timing relation between UE and UL timing synchronization reference point in NTN
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Fig 3. Timing Relation between UE DL Reception and UE UL Transmission

Proposal 4: In RRM test cases, when a test equipment adjusts downlink transmission frame boundary/Doppler shift and UL reception timing, asymmetric propagation delays on DL and UL for the same slot index shall be taken into account. To model the round trip delay over service link (N_{TA,UE-specific}), the following definitions of reference slot for S3 and S4 (based in Fig. 3) are adopted.
· for S3, the slot when the UL transmission is supposed to arrive at the target satellite based on provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and a reference propagator model
· for S4, the slot when the DL transmission corresponding to the reference timing of downlink is supposed to arrive at the target satellite based on actual received time of the slot and provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and a reference propagator model

3.	Conclusion
We presented our views on the following four open issues.
Numerology
Proposal 1: RAN4 to not define RRM test cases for 30kHz SCS.

Acquisition of UE Position
Proposal 2: For UE position acquisition in NTN tests, RAN4 to adopt “AT command” based approach. The exact UE position should be defined in such a way that the smallest elevation angle between the UE and satellite(s) is not smaller than 45 deg.

Reference Propagator Model
Observation 1: A basic Kepler equation-based LEO satellite position estimation can achieve an accuracy of 6.7m error, which is 22.3% of the assumption considered for UE UL transmission timing requirements, when the satellite is on a circular orbit at 600km altitude, and a frequency of ephemeris information update is assumed once every 10.24s. And the estimation error of the satellite’s velocity is insignificant.
Proposal 3: RAN4 to adopt a Keplerian propagator model as a reference satellite positioning model in NTN RRM test cases. And RAN4 to not consider additional error margin in terms of timing and frequency with the following assumptions:
· The LEO satellite is assumed to be on a circular orbit
· SIB19 is broadcasted once every 10.24s
· During the test, an elevation angle between the satellite and UE is not smaller than 45 deg.

Reference Time Instances for UL Timing Accuracy Requirements
Proposal 4: In RRM test cases, when a test equipment adjusts downlink transmission frame boundary/Doppler shift and UL reception timing, asymmetric propagation delays on DL and UL for the same slot index shall be taken into account. To model the round trip delay over service link (N_{TA,UE-specific}), the following definitions of reference slot for S3 and S4 (based in Fig. 3) are adopted.
· for S3, the slot when the UL transmission is supposed to arrive at the target satellite based on provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and a reference propagator model
· for S4, the slot when the DL transmission corresponding to the reference timing of downlink is supposed to arrive at the target satellite based on actual received time of the slot and provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and a reference propagator model
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Fig 3. Timing Relation between UE DL Reception and UE UL Transmission

image1.png
x10°2

|
0 09
. Z08
z z
= §n7
5015 5
5 £0s
s 2z
£ 505
g 04 H
5 504
0.05
01
0 0
0 50 100 150 200 0 50 100 150 200

Time from epoch (seconds) Time from epoch (seconds)




image2.png
TN req.
Frequency SCS. of SSB SCS .of uplink Te o Tq Ta Te
Range signals signals

15kHz 12*64*Tc 17*64*Tc 8*64*Tc 4*64*Tc 31*64*Tc

15kHz 30kHz 10*64*Tc 17*64*Tc 4*64*Tc 4*64*Tc 1*64*Tc

1 60kHz 10*64*Tc 17*64*Tc 2*64*Tc 2*64*Tc Negative
15kHz 8*64*Tc 17*64*Tc 8*64*Tc 4*64*Tc 35%64*Tc

30kHz 30kHz 8*64*Tc 17*64*Tc 4*64*Tc 4*64*Tc 3*64*Tc

60kHz 7*64*Tc 17*64*Tc 2*64*Tc 2*64*Tc Negative

NTN req.

Not applicable

Not applicable

NOTE: Tc is the basic timing unit defined in [3].
NOTE: Tp is a round trip propagation delay estimation error due to 50m of UE position error and 30m of satellite position error.
NOTE: Tg is an effective guard period in CP and defined as 0.5*Tcp — Tp — Tq — Ta, where Tcp is CP length of uplink signal, and Tq and Ta are the maximum

quantization error of timing advance command in [4] and the maximum timing advance adjustment error in [5], respectively.





image3.png
Satellite position at TO Satellite position at T1
when satellite relays SSBin when UE receives SSB in
slot #n from gNB to UE slot #n from satellite

Satellite position at T2 Satellite position at T3 Satellite position at T4
when UE transmits UL when satellite receives UL of when satellite relays DL
of slot #n+k to satellite  slot #n+k from UE and relays of slot #n+k from gNB to

itto GW UE

y

One way delay
D4=S4+F4

One way delay
D0=50+F0

S0: propagation delay on
service linkat TO

FO: propagation delay on
feeder link at TO

S3: propagation delay on
service linkat T3

F3:propagation delay on
feeder link at T3

S4: propagation delay on
service linkat T4

F4:propagation delay on
feeder link at T4




image4.png
Reference
position

Serving
Satellite

UE

TO-FO TO T1 T2 T3 T3+F3 T4 T1+X
X (up to 160ms)

SSB may or may not be included in the slot #(n+k). If X equals
160ms, SSB should be included.

1) DLsynchronizationbased on referencesignals (e.g. SSB, TRS) = get T1
2) Project DL arrival time associated with UL in terms of frame boundary at
reference point = get T1+X+DL Time drift over X

3) Applyroundtrip delay 9 get T1+X+DL Time drift over X-(S3+F3)-(S4+F4)

1) T3 whendefiningS3 and F3
2) T4 whendefiningS4 and F4

1) S3andS4 are notidentical
2) F3andF4 are notidentical

. . .
\ h . g |
h i i i i .
H Slot H H H sjoth(n+k !
. ! (msfori5kHz) 1 . . |
P e we—— H H H
! | | TR | | T T
i 1Slot#nt P ' ' Slotk{n+k .
= _[E_:_ I I I
i ' ' ' '
iDL !
Nl 1 1 1 1 . 1
S | | | | v .
| | | | | v .
| | | | | v .
| | | | | v .
| | | | | v .
' ' ' ' OF3 '
| | | | | Lo .
1 1 ] ] <> 1 ]
I I I I Slot#{nuk) 1 I
| | | . T .
o~ . . . N .
fuL— T T - — T
H \Slot#n i H | Slot#{n+k) A
i i 1 1 1
\DL— T T T T — T
1 | | | | P .
> < ) 1 1 1 i 1
t FO 1 ' ' ' 1F4 '
| | | | | [ .
| | | 1S3 v .
| | | | | po '
i i H 1Slot#{n+k; T '
| | | W. T .
o~ | | . v .
fuL— T T T T — T
H | | iSlot#n | | . Slof#(n+k
H | | . . v
| | | . . v
\DL— ] I T T T T
N
s X | —

S4 DL Time drift over X=D3-D0=(S4+F4)-(SO+FO)

T2=T14X+'DL Time drift over X'-(S3+F3)-(S4+F4)=T1+X+(S4-S0+F4-F0)-(S3+S4+F3+F4)
=T14X-(SO+F0)-(S3+F3)= TL+X-'DL/UL Time drift over X’





3GPP TSG


-


RAN WG4 Meeting # 104bis


-


e


 


 


 


 


 


R4


-


2216868


 


Electronic Meeting, October 10 


–


 


October 19, 2022


 


Agenda Item:


 


4


.


2


.


6


.


1


 


Source: 


 


 


Qualcomm Incorporated


 


Title: 


 


 


 


Open 


I


ssues in 


NTN RRM


 


T


est 


C


ase 


D


esign


 


Document for:


 


Discussion


 


1.


 


Introduction


 


We present our views 


on the 


following four open issues 


for 


NTN RRM test cases.


 


·


 


Numerology


 


·


 


Acquisition of UE Position


 


·


 


Reference Propagator Model


 


·


 


Reference Time Instances for UL Timing Accuracy Requirements


 


2. 


 


Discussion


 


Numerology


 


•


 


Issue 


2


-


3: Test coverage regarding numerology and duplex mode.


 


Agreement


 


 


•


 


Test configurations for TDD and numerology higher than 15kHz are not considered.


 


•


 


FFS


 


on whether to define UE timing TC for 30KHz SCS.


 


•


 


Test configuration includes both 15KHz SCS and 30KHz S


CS cases in the same TC, no separate 


TC is defined for 30KHz SCS case. 


 


 


In the current RRM test case configurations, 


there is 


neither 


FDD 


nor 10/20MHz of 


channel 


bandwidth for 30


k


Hz SCS. 


W


e do not 


see 


a 


need to 


introduce a new set of 


RRC 


test configurations for 30kHz SCS


.


 


Proposal


 


1


: 


RAN4 to not define RRM test cases for 30kHz SCS.


 


 


Acquisition of UE Position


 


•


 


Issue 5


-


2: 


GNSS


 


signal for NTN UE timing related test cases.


 


Open issues


:


 


•


 


Option 1


: the test 


parameter for GNSS signal power levels defined in B.4.1 is reused in NTN test 


cases.


 


•


 


Option 2


: use 


AT command


 


approach to acquire UE location


 


•


 


AT command approach: Use existing defined AT command: “Update UE Location 


Information”, defined in TS 38.509 to pr


ovide the UE with location coordinates, as used in 


some existing 3GPP test cases today.


 


 


We agree the following aspects pointed out in the last RAN4 meeting:


 


·


 


It combines a demod test case and an RF/RRM test case, so more complexity. 


 




3GPP TSG - RAN WG4 Meeting # 104bis - e           R4 - 2216868   Electronic Meeting, October 10  –   October 19, 2022   Agenda Item:   4 . 2 . 6 . 1   Source:      Qualcomm Incorporated   Title:        Open  I ssues in  NTN RRM   T est  C ase  D esign   Document for:   Discussion   1.   Introduction   We present our views  on the  following four open issues  for  NTN RRM test cases.      Numerology      Acquisition of UE Position      Reference Propagator Model      Reference Time Instances for UL Timing Accuracy Requirements   2.    Discussion   Numerology  

•   Issue  2 - 3: Test coverage regarding numerology and duplex mode.   Agreement     •   Test configurations for TDD and numerology higher than 15kHz are not considered.   •   FFS   on whether to define UE timing TC for 30KHz SCS.   •   Test configuration includes both 15KHz SCS and 30KHz S CS cases in the same TC, no separate  TC is defined for 30KHz SCS case.   

  In the current RRM test case configurations,  there is  neither  FDD  nor 10/20MHz of  channel  bandwidth for 30 k Hz SCS.  W e do not  see  a  need to  introduce a new set of  RRC  test configurations for 30kHz SCS .   Proposal   1 :  RAN4 to not define RRM test cases for 30kHz SCS.     Acquisition of UE Position  

•   Issue 5 - 2:  GNSS   signal for NTN UE timing related test cases.   Open issues :   •   Option 1 : the test  parameter for GNSS signal power levels defined in B.4.1 is reused in NTN test  cases.   •   Option 2 : use  AT command   approach to acquire UE location   •   AT command approach: Use existing defined AT command: “Update UE Location  Information”, defined in TS 38.509 to pr ovide the UE with location coordinates, as used in  some existing 3GPP test cases today.  

  We agree the following aspects pointed out in the last RAN4 meeting:      It combines a demod test case and an RF/RRM test case, so more complexity.   

