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1.	Introduction
A RAN5 LS was received requiring clarifications for Non-Terrestrial Networks [1]. RAN4#108 agreed on some responses to RAN5 as per [2] and a way forward as per [3].
Additionally, RAN#101further discussed topics in initial LS from RAN5 ([1]) as per [4] and [5]. Final guidance was provided in [6].
This discussion paper reviews status and open topics with the goal to send RAN5 pending clarifications requested.
[bookmark: OLE_LINK53]2. 	Discussion
2.1	Frequency error requirements. Other than zero Doppler conditions.
Two of the clarifications requested in R5-233672 [1] were referred to other than zero Doppler in frequency error requirements:
	Q3a: For the NTN frequency error requirements defined in section 6.4.1 of TS 38.101-5, what is RAN4 assumption in terms of constant/variable Doppler and delay conditions for the other than zero Doppler conditions for GSO (different from GEO), GEO and NGSO?
Q3b: In case of constant Doppler conditions, does RAN4 assume the UE Doppler and delay pre-compensation mechanisms only apply to the constant Doppler while they don’t apply to any time-varying Doppler or time delay introduced by satellite model in conformance testing?




The responses provided in R4-2314001 [2] were:
	Q3a: For frequency error requirements, RAN4 needs more time to discuss precise testing configuration with respect to Delay (constant vs. variable) and Doppler (constant vs. variable) for NGSO and GSO.
Q3b: RAN4 needs more time to discuss if constant Doppler conditions actually apply and if only variable Doppler should be considered instead.



However, RP-232682 [6] included the following related agreements:
	· RAN tasks RAN4 to discuss and conclude in Oct meeting on
· RAN tasks RAN4 to discuss and conclude in Oct meeting on 
· The condition for testing the frequency error requirements to verify NGSO UE pre-compensation functionality for Doppler shift, which will be implemented in the RAN5 NTN specifications
· For example, setting an artificial fixed Doppler shift, which is randomly selected out of a range of Doppler shift values decided by RAN4, as the condition in a test.



[bookmark: Obs1]Observation 1: RAN#101 guideline in [6] does not provide any way forward for remaining GSO topics related to frequency error.
Options for Doppler under test in frequency error requirements for conditions different from zero Doppler are:
· Option 1: constant Doppler
· Option 2: variable Doppler
Option 2 is the one closer to actual deployments while option 1 corresponds to a static instant within the orbit. 
Based on the feedback from different companies during RAN4#108 and RAN#101 discussions, there was not a common understanding about whether frequency error requirements were defined under constant or variable Doppler conditions at the time of such requirements definition. Besides that, RAN plenary guidance in RP-232682 [6] has indicated that no changes are expected/allowed in RAN4 core requirements at this stage. Hence, it seems the more agreeable option will be option 1. 
In RP-232682 [6], one example for the condition for frequency error test cases to verify NGSO UE pre-compensation functionality for Doppler shift, proposed to randomly select the Doppler shift value(s) out of a range of Doppler shift values decided by RAN4. In our opinion, this could lead to:
· Not repeatable results among different executions with the same UE.
· Different testing conditions for different UEs, which could be unfair. 
UE will basically infer the Doppler from UE location and SIB19/SIB31 information including ephemeris and epoch time. Considering that test equipment shall signal the SIB19/SIB31 information including the ephemeris, randomizing the Doppler shift value is not adding any value to the tests. 
However, test should ensure at least that UE is capable of pre-compensating the maximum Doppler shift that the satellite-network deployment expects for a given type of satellite. According to TR 38.821 [10], maximum Doppler shift (earth fixed user equipment) considered in feasibility analysis was 0.93 ppm for GEO satellites and 24 ppm for LEO-600 satellites (assuming a 10º minimum elevation angle). 
[bookmark: Prop1]Proposal 1: Revisit the answers provided in [2] to question Q3a and Q3b in [1] as follows:
	Q3a: For the NTN frequency error requirements defined in section 6.4.1 of TS 38.101-5, what is RAN4 assumption in terms of constant/variable Doppler and delay conditions for the other than zero Doppler conditions for GSO (different from GEO), GEO and NGSO?
· For both GSO and NGSO satellites:
· Frequency error test cases assume constant Doppler and associated constant delay assuming an Eckstein-Heckler model for the satellite orbit. 
· Doppler shift should be in the range of [0, 24] ppm for NGSO and in the range of [0, 0.93] ppm for GSO.
Q3b: In case of constant Doppler conditions, does RAN4 assume the UE Doppler and delay pre-compensation mechanisms only apply to the constant Doppler while they don’t apply to any time-varying Doppler or time delay introduced by satellite model in conformance testing?
· For both GSO and NGSO satellites, in frequency error test cases for cases different from zero Doppler is expected to pre-compensate only the constant Doppler and the constant delay. 



[bookmark: Prop2]Proposal 2: Update frequency error requirements as follows:
	[bookmark: _Toc97562294][bookmark: _Toc104122521][bookmark: _Toc104205472][bookmark: _Toc104206679][bookmark: _Toc104503639][bookmark: _Toc106127570][bookmark: _Toc123057935][bookmark: _Toc124255230][bookmark: _Toc124255421][bookmark: _Toc124255558][bookmark: _Toc131688396][bookmark: _Toc137373038][bookmark: _Toc138884981]6.4.1	Frequency error
The NTN satellite UE basic measurement interval of modulated carrier frequency is 1 UL slot. The NTN satellite UE pre-compensates the uplink modulated carrier frequency by the estimated Doppler shift according to 3GPP TS 38.300 [9] clause 16.14.2. The mean value of basic measurements of NTN UE modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to ideally pre-compensated reference uplink carrier frequency. 
[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. 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: one with zero Doppler conditions and the other one with constant Doppler (different from zero) up to 0.93 ppm for GEO satellites and up to 24 ppm for LEO-600 satellites. Delay conditions will be constant and derived using Eckstein-Hechler satellite propagator model for Doppler shift under test. of which one has zero Doppler conditions.


	[bookmark: _Toc108617008][bookmark: _Toc111062051][bookmark: _Toc120570047][bookmark: _Toc121162839][bookmark: _Toc121827720][bookmark: _Toc124177548][bookmark: _Toc124177975][bookmark: _Toc130826102][bookmark: _Toc137386379][bookmark: _Toc137401259][bookmark: _Toc138894783]6.4A.1	Frequency error for UE category M1
[bookmark: _Hlk119952195]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 TS36.300 [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 10.1.3.6 of TS 36.211[3]. When segmentation is applied, then the UE shall update pre-compensation at the beginning of each 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 : one with zero Doppler conditions and the other one with constant Doppler (different from zero) up to 0.93 ppm for GEO satellites and up to 24 ppm for LEO-600 satellites. Delay conditions will be constant and derived using Eckstein-Hechler satellite propagator model for Doppler shift under test. of which one has zero Doppler conditions.
Table 6.4A.1-1: Frequency error requirement for HD-FDD UE category M1
	Carrier frequency [GHz]
	Frequency error [ppm]

	≤1
	±0.2

	>1
	±0.1




	[bookmark: _Toc120570050][bookmark: _Toc121162842][bookmark: _Toc121827723][bookmark: _Toc124177551][bookmark: _Toc124177978][bookmark: _Toc130826105][bookmark: _Toc137386382][bookmark: _Toc137401262][bookmark: _Toc138894786]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 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 TS36.300 [8] clause 23.21.2.2).
The UE pre-compensated modulated carrier frequency shall be accurate 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-carrier spacing and 2 ms excluding the 2304Ts gap for 3.75 kHz sub-carrier spacing) and averaged over 72/LCtone slots (where LCtone = {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 10.1.3.6 of TS 36.211[3]. When segmentation is applied, then the UE shall update pre-compensation at the beginning of each 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: one with zero Doppler conditions and the other one with constant Doppler (different from zero) up to 0.93 ppm for GEO satellites and up to 24 ppm for LEO-600 satellites. Delay conditions will be constant and derived using Eckstein-Hechler satellite propagator model for Doppler shift under test. of which one has zero Doppler conditions.
Table 6.4B.1-1: Frequency error requirement for UE category NB1 and NB2
	Carrier frequency [GHz]
	Frequency error [ppm]

	≤1
	±0.2

	>1
	±0.1





2.2	Doppler and delay in RRM requirements
One of the clarifications requested in R5-233672 [1] was referred to Doppler in RRM requirements:
	Q2c: Are the zero Doppler or time varying assumptions applicable for conformance testing of RRM test cases in TS 38.133 Annex A.14 and in TS 36.133 Annexes A.13 and A.14?



The response provided in R4-2314001 [2] was:
	Q2c: No.
At least for NGSO, zero Doppler conditions are not applicable to RRM test cases in TS 38.133 Annex A.14 and in TS 36.133 Annexes A.13 and A.14. 
For GSO, RAN4 will continue discussing applicability of zero-Doppler conditions.


However, RP-232682 [6] included the following related agreements:
	· RAN tasks RAN4 to discuss and conclude in Oct meeting on
· The condition for RRM uplink timing test cases to verify NGSO UE delay pre-compensation functionality, which can be implemented in RAN5 NTN specifications
· For example, setting an artificial fixed delay, which is randomly selected out of a range of delay values decided by RAN4, as the condition in a test
· Note: For all the other NTN RRM test cases (except NGSO scenario in UE timing TCs), zero doppler shift and zero timing shift are assumed to be configured for RAN5 conformance testing 



[bookmark: Obs2]Observation 2: zero doppler shift and simultaneous zero timing shift do not match to any instant on a realistic satellite orbit.
[bookmark: Obs3]Observation 3: RAN#101 guideline in [6] does not provide any way forward for remaining GSO topics related to RRM test cases.
In [2], for Tx/Rx test cases under zero Doppler conditions, the agreement was to use a snapshot of a realistic orbit so Zero-Doppler condition with constant Delay is currently applying in RAN4 independently of the NGSO/GSO.
[bookmark: Obs4]Observation 4:  According to RAN#101 [6], all RRM requirements applicable to NGSO satellites (except UE timing requirements) shall use zero Doppler and zero timing shift. This applies to NR and IoT NTN.
[bookmark: Obs5]Observation 5: According to RAN#101 [6], RAN4 has been tasked to discuss and conclude in Oct meeting the delay under test in UE timing requirements for NGSO satellites.
[bookmark: Obs6]Observation 6: It would be good to align Doppler and delay conditions in RRM test cases for both GSO and NGSO satellites.
Options for delay under test in UE timing RRM requirements applicable to NGSO satellites are:
· Option 1: zero timing shift
· Option 2: constant timing shift
· Option 3: variable timing shift.
Considering the nature of the UE timing requirements and how critical proper timing pre-compensation is for non-terrestrial network communications, option 1 should be disregarded. 
Option 3 is the one closer to actual deployments (assuming variable Doppler too) while option 2 corresponds to a static instant within the orbit. 
Based on the feedback from different companies during RAN4#108 and RAN#101 discussions, there was not a common understanding about whether UE timing requirements were defined under constant or variable timing shift conditions at the time of such requirements definition. Besides that, RAN plenary guidance in RP-232682 [6] has indicated that no changes are expected/allowed in RAN4 core requirements at this stage. Hence, it seems the more agreeable option will be option 2. 
In RP-232682 [6], one example for the condition for RRM uplink timing test cases to verify NGSO UE delay pre-compensation functionality proposed to randomly select the delay value(s) out of a range of delay values decided by RAN4. In our opinion, this could lead to:
· Not repeatable results among different executions with the same UE.
· Different testing conditions for different UEs, which could be unfair. 
According to R4-2214473 ([7]), during RRM discussions for NR NTN, it was indicated that “In order to alleviate the impact of uncertainty on UE uplink transmission timing due to quantized feeder link delay information, the feeder link delay can be set to zero.” so the agreement in RRM test cases was to use kmac as not configured, ta-Common=ta-CommonDrift=ta-CommonDriftVariant=0 (as per R4-2303147 ([8])). This configuration was added to 38.133 Annex A.3.36 4. And to 36.133 Annex A.3.28. This implies that UE will basically infer the delay from UE location and SIB19/SIB31 information including ephemeris and epoch time. 
Considering that test equipment shall signal the SIB19/SIB31 information including the ephemeris, randomizing the delay value is not adding any value to the tests. 
However, test should ensure at least that UE is capable of pre-compensating the maximum delay that the satellite-network deployment expects for a given type of satellite. Leveraging the analysis on the Satellite-UE RTT delay and associated koffset values carried out in R4-2213860 ([9])) as shown below:
[image: A screenshot of a data sheet

Description automatically generated]
reasonable values for this maximum delay could be 257.58/2=128.79 ms for GEO satellites and 7.17/2=3.585 ms for LEO-600 satellites (corresponding to 30º elevation angle). 
It might be good to also cover in the test the UE ability to pre-compensate properly small values of delays. Reasonable values for the minimum delay could be chosen as 238.75/2= 119.375 ms for GEO satellites and 4/2= 2 ms for LEO-600 (corresponding to 90º elevation angle).
To be noticed that the value of the test will be higher if Doppler configured is consistent with:
· Constant delay chosen,
· for a concrete UE location, 
· in the same fixed satellite orbit position (assuming Eckstein-Heckler model),
· for testing frequencies used in UL and DL.
[bookmark: Prop3]Proposal 3: Revisit the answer provided in [2] to question Q2c in [1] as follows:
	Q2c: Are the zero Doppler or time varying assumptions applicable for conformance testing of RRM test cases in TS 38.133 Annex A.14 and in TS 36.133 Annexes A.13 and A.14?
RAN4 has revisited the response provided to this question in R4-2314001 with the following consensus:
· For both GSO and NGSO satellites:
· UE transmit timing test cases assume constant delay and associated constant Doppler assuming an Eckstein-Heckler model for the satellite orbit. Delays should be in the range of [2, 3.585] ms for NGSO and in the range of [119.375, 128.79] ms for GSO.
· Other RRM test cases assume zero Doppler and zero delay.



[bookmark: Prop4]Proposal 4: Modify 38.133 Annex B.5 and 36.133 Annex B.8 as follows:
	B.5	High level test procedure for SAN RRM tests
The following high -level steps are conducted for timing for Satellite Access test cases for SAN defined in clause A.14.3: 
-	UE location is determined for the test. The ephemeris and the UE location should be designed such that elevation angle relative to the UE position shall not be smaller than 30 deg during entire test time.
-	A set of ephemeris information are pre-defined for each satellite and UE location corresponding to different a fixed epoch times, a fixed delay and a fixed Doppler (all constant along each measurement) in [TS TBD]. The relationship between the fixed delay and fixed Doppler will be determined using Eckstein-Heckler model as the satellite motion trajectory. 
-	For GEO an altitude of 35,786km is considered. an elevation angle relative to a UE position shall not be smaller than 30 deg during entire test time
-	For LEO an altitude of 600km on a circular orbit is considered. 
-	Fixed delays shall be in the range of [2, 3.585] ms for NGSO satellites and in the range of [119.375, 128.79] ms for GSO satellites.
A motion trajectory is generated for each satellite based on the ephemeris using Eckstein-Hechler model. 
-	UE location is determined for the test. The ephemeris and the the UE location should be designed such that elevation angle relative to the UE position shall not be smaller than 30 deg during entire test time.
-	Test equipment adjusts the time and frequency of transmission according to pre-defined ephemeris information, constant in every SIB19 updatebased on the satellite motion trajectory and UE location during test time to emulate the position and velocity change of the satellite relative to the UE..
Other RRM test cases different from clause A.14 shall use zero delay and zero Doppler associated to satellite orbit. 

	B.8	High level test procedure for SAN RRM tests
The following high level steps are conducted for timing for Satellite Access test cases for SAN defined in clauses A.13.4 and A.14.4.: 
-	UE location is determined for the test. The ephemeris and the UE location should be designed such that elevation angle relative to the UE position shall not be smaller than 30 deg during entire test time.
-	A set of ephemeris information are pre-defined for each satellite and UE location corresponding to different a fixed epoch times, a fixed delay and a fixed Doppler (all constant along each measurement) in [TS TBD]. The relationship between the fixed delay and fixed Doppler will be determined using Eckstein-Hechler model as the satellite motion trajectory.
-	For GEO an altitude of 35,786km is considered. an elevation angle relative to a UE position shall not be smaller than 30 deg during entire test time.
-	For LEO an altitude of 600km on a circular orbit is considered. 
-	Fixed delays shall be in the range of [2, 3.585] ms for NGSO satellites and in the range of [119.375, 128.79] ms for GSO satellites.A motion trajectory is generated for each satellite based on the ephemeris using Eckstein-Hechler model
. 
-	UE location is determined for the test. The ephemeris and the UE location should be designed such that elevation angle relative to the UE position shall not be smaller than 30 deg during entire test time.
-	Test equipment adjusts the time and frequency of transmission according to pre-defined ephemeris information, constant in every SIB31 updatebased on the satellite motion trajectory and UE location during test time to emulate the position and velocity change of the satellite relative to the UE..
Other RRM test cases different from clauses A.13.4 and A.14.4 shall use zero delay and zero Doppler associated to satellite orbit.



2.3 Satellite propagator model
The fourth set of questions received are related to satellite propagator model:
	Q4a: For section 6, section 7, section 8 requirements defined in TS 38.101-5, is RAN4 assuming implementation of a satellite propagator model for the service link in conformance testing? This question also applies to section 6, section 7 and section 8 requirements defined in TS 36.102. Please answer in the context of TS 36.102 also.
Q4b: Which RRM test cases listed under Annex A.14 are assuming a satellite motion trajectory based on the ephemeris using Eckstein-Hechler model as defined in TS 38.133 Annex B.5 (applicable also to 36.133 as per agreement in R4-2306370)?



As described in previous sections of this document, the understanding is that sections 6, 7 and 8 in TS 38.101-5 and in TS 36.102 (except for the non-zero Doppler conditions case in frequency error requirements) and all RRM test cases defined in 38.133 (except timing test cases in clause A.14.4) and 36.133 (except timing test cases in clauses A.13.4 and A.14.4) are not assuming any satellite propagator model, while
· non-zero Doppler conditions case in frequency error requirements in section 6.4.1 in TS 38.101-5 and in sections 6.4A.1 and 6.4B.1 in TS 36.102
· RRM timing requirements in 38.133 Annex A.14.4 and 36.133 Annexes A.13.4 and A.14.4
are all assuming Eckstein-Hechler propagator model for the service link in conformance testing to derive pairs of constant Doppler and constant delay values used in those test cases.
[bookmark: Prop5][bookmark: Prop13]Proposal 5: Respond Q4 questions in the LS as follows:
	Q4a: For section 6, section 7, section 8 requirements defined in TS 38.101-5, is RAN4 assuming implementation of a satellite propagator model for the service link in conformance testing? This question also applies to section 6, section 7 and section 8 requirements defined in TS 36.102. Please answer in the context of TS 36.102 also.
Q4b: Which RRM test cases listed under Annex A.14 are assuming a satellite motion trajectory based on the ephemeris using Eckstein-Hechler model as defined in TS 38.133 Annex B.5 (applicable also to 36.133 as per agreement in R4-2306370)?	
- All requirements in sections 6, 7 and 8 in TS 38.101-5 and in TS 36.102, except for the non-zero Doppler conditions case in frequency error requirements, are not assuming any satellite propagator mode.
- All RRM test cases, except timing ones (38.133 clause A.13.4 and 36.133 clauses A.13.4 and A.14.4) are not assuming any satellite propagator mode. 
- While
· Non-zero Doppler conditions case in frequency error requirements in section 6.4.1 in TS 38.101-5 and in sections 6.4A.1 and 6.4B.1 in TS 36.102
· RRM timing test cases (38.133 clause A.13.4 and 36.133 clauses A.13.4 and A.14.4)
are all assuming Eckstein-Hechler propagator model for the service link in conformance testing to determine the relation between constant delay and constant Doppler used in those test cases.



3. 	Conclusion
This discussion paper reviews concerns received on clarifications required for NTN requirements and proposes both responses and changes in corresponding core requirements to fully solve issues detected (in case any) according to proponent’s view.
The following observations and proposals are made:
Observation 1: RAN#101 guideline in [6] does not provide any way forward for remaining GSO topics related to frequency error.
Proposal 1: Revisit the answers provided in [2] to question Q3a and Q3b in [1] as follows:
	Q3a: For the NTN frequency error requirements defined in section 6.4.1 of TS 38.101-5, what is RAN4 assumption in terms of constant/variable Doppler and delay conditions for the other than zero Doppler conditions for GSO (different from GEO), GEO and NGSO?
· For both GSO and NGSO satellites:
· Frequency error test cases assume constant Doppler and associated constant delay assuming an Eckstein-Heckler model for the satellite orbit. 
· Doppler shift should be in the range of [0, 24] ppm for NGSO and in the range of [0, 0.93] ppm for GSO.
Q3b: In case of constant Doppler conditions, does RAN4 assume the UE Doppler and delay pre-compensation mechanisms only apply to the constant Doppler while they don’t apply to any time-varying Doppler or time delay introduced by satellite model in conformance testing?
· For both GSO and NGSO satellites, in frequency error test cases for cases different from zero Doppler is expected to pre-compensate only the constant Doppler and the constant delay. 


Proposal 2: Update frequency error requirements as follows:
	6.4.1	Frequency error
The NTN satellite UE basic measurement interval of modulated carrier frequency is 1 UL slot. The NTN satellite UE pre-compensates the uplink modulated carrier frequency by the estimated Doppler shift according to 3GPP TS 38.300 [9] clause 16.14.2. The mean value of basic measurements of NTN UE modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to ideally pre-compensated reference uplink carrier frequency. 
[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. 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: one with zero Doppler conditions and the other one with constant Doppler (different from zero) up to 0.93 ppm for GEO satellites and up to 24 ppm for LEO-600 satellites. Delay conditions will be constant and derived using Eckstein-Hechler satellite propagator model for Doppler shift under test..


	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 TS36.300 [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 10.1.3.6 of TS 36.211[3]. When segmentation is applied, then the UE shall update pre-compensation at the beginning of each 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: one with zero Doppler conditions and the other one with constant Doppler (different from zero) up to 0.93 ppm for GEO satellites and up to 24 ppm for LEO-600 satellites. Delay conditions will be constant and derived using Eckstein-Hechler satellite propagator model for Doppler shift under test..
Table 6.4A.1-1: Frequency error requirement for HD-FDD UE category M1
	Carrier frequency [GHz]
	Frequency error [ppm]

	≤1
	±0.2

	>1
	±0.1




	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 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 TS36.300 [8] clause 23.21.2.2).
The UE pre-compensated modulated carrier frequency shall be accurate 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-carrier spacing and 2 ms excluding the 2304Ts gap for 3.75 kHz sub-carrier spacing) and averaged over 72/LCtone slots (where LCtone = {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 10.1.3.6 of TS 36.211[3]. When segmentation is applied, then the UE shall update pre-compensation at the beginning of each 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: one with zero Doppler conditions and the other one with constant Doppler (different from zero) up to 0.93 ppm for GEO satellites and up to 24 ppm for LEO-600 satellites. Delay conditions will be constant and derived using Eckstein-Hechler satellite propagator model for Doppler shift under test..
Table 6.4B.1-1: Frequency error requirement for UE category NB1 and NB2
	Carrier frequency [GHz]
	Frequency error [ppm]

	≤1
	±0.2

	>1
	±0.1





Observation 2: zero doppler shift and simultaneous zero timing shift do not match to any instant on a realistic satellite orbit.
Observation 3: RAN#101 guideline in [6] does not provide any way forward for remaining GSO topics related to RRM test cases.
Observation 4:  According to RAN#101 [6], all RRM requirements applicable to NGSO satellites (except UE timing requirements) shall use zero Doppler and zero timing shift. This applies to NR and IoT NTN.
Observation 5: According to RAN#101 [6], RAN4 has been tasked to discuss and conclude in Oct meeting the delay under test in UE timing requirements for NGSO satellites.
Observation 6: It would be good to align Doppler and delay conditions in RRM test cases for both GSO and NGSO satellites.
Proposal 3: Revisit the answer provided in [2] to question Q2c in [1] as follows:
	Q2c: Are the zero Doppler or time varying assumptions applicable for conformance testing of RRM test cases in TS 38.133 Annex A.14 and in TS 36.133 Annexes A.13 and A.14?
RAN4 has revisited the response provided to this question in R4-2314001 with the following consensus:
· For both GSO and NGSO satellites:
· UE transmit timing test cases assume constant delay and associated constant Doppler assuming an Eckstein-Heckler model for the satellite orbit. Delays should be in the range of [2, 3.585] ms for NGSO and in the range of [119.375, 128.79] ms for GSO.
· Other RRM test cases assume zero Doppler and zero delay.


Proposal 4: Modify 38.133 Annex B.5 and 36.133 Annex B.8 as follows:
	B.5	High level test procedure for SAN RRM tests
The following high-level steps are conducted for timing for Satellite Access test cases for SAN defined in clause A.14.3: 
-	UE location is determined for the test. The ephemeris and the UE location should be designed such that elevation angle relative to the UE position shall not be smaller than 30 deg during entire test time.
-	A set of ephemeris information are pre-defined for each satellite and UE location corresponding to a fixed epoch time, a fixed delay and a fixed Doppler (all constant along each measurement). The relationship between the fixed delay and fixed Doppler will be determined using Eckstein-Heckler model as the satellite motion trajectory. 
-	For GEO an altitude of 35,786km is considered. 
-	For LEO an altitude of 600km on a circular orbit is considered. 
-	Fixed delays shall be in the range of [2, 3.585] ms for NGSO satellites and in the range of [119.375, 128.79] ms for GSO satellites.
-	Test equipment adjusts the time and frequency of transmission according to pre-defined ephemeris information, constant in every SIB19 update.
Other RRM test cases different from clause A.14 shall use zero delay and zero Doppler associated to satellite orbit. 

	B.8	High level test procedure for SAN RRM tests
The following high level steps are conducted for timing for Satellite Access test cases for SAN defined in clauses A.13.4 and A.14.4: 
-	UE location is determined for the test. The ephemeris and the UE location should be designed such that elevation angle relative to the UE position shall not be smaller than 30 deg during entire test time.
-	A set of ephemeris information are pre-defined for each satellite and UE location corresponding to a fixed epoch time, a fixed delay and a fixed Doppler (all constant along each measurement). The relationship between the fixed delay and fixed Doppler will be determined using Eckstein-Hechler model as the satellite motion trajectory.
-	For GEO an altitude of 35,786km is considered. 
-	For LEO an altitude of 600km on a circular orbit is considered. 
-	Fixed delays shall be in the range of [2, 3.585] ms for NGSO satellites and in the range of [119.375, 128.79] ms for GSO satellites.
-	Test equipment adjusts the time and frequency of transmission according to pre-defined ephemeris information, constant in every SIB31 update.
Other RRM test cases different from clauses A.13.4 and A.14.4 shall use zero delay and zero Doppler associated to satellite orbit.


Proposal 5: Respond Q4 questions in the LS as follows:
	Q4a: For section 6, section 7, section 8 requirements defined in TS 38.101-5, is RAN4 assuming implementation of a satellite propagator model for the service link in conformance testing? This question also applies to section 6, section 7 and section 8 requirements defined in TS 36.102. Please answer in the context of TS 36.102 also.
Q4b: Which RRM test cases listed under Annex A.14 are assuming a satellite motion trajectory based on the ephemeris using Eckstein-Hechler model as defined in TS 38.133 Annex B.5 (applicable also to 36.133 as per agreement in R4-2306370)?	
- All requirements in sections 6, 7 and 8 in TS 38.101-5 and in TS 36.102, except for the non-zero Doppler conditions case in frequency error requirements, are not assuming any satellite propagator mode.
- All RRM test cases, except timing ones (38.133 clause A.13.4 and 36.133 clauses A.13.4 and A.14.4) are not assuming any satellite propagator mode. 
- While
· Non-zero Doppler conditions case in frequency error requirements in section 6.4.1 in TS 38.101-5 and in sections 6.4A.1 and 6.4B.1 in TS 36.102
· RRM timing test cases (38.133 clause A.13.4 and 36.133 clauses A.13.4 and A.14.4)
are all assuming Eckstein-Hechler propagator model for the service link in conformance testing to determine the relation between constant delay and constant Doppler used in those test cases.
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