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1.  Introduction
One LS is received from RAN5 regarding clarifications on the R17 NTN test cases is received for the WI NR_NTN_solutions and LTE_NBIoT_eMTC_NTN_req [1]. In sections 2, our views and detailed discussions are provided for the questions in the LS, and the corresponding draft LS response is provided in section 3. 
2. Discussion
Requirements applicability to different types of satellites:
Q1a: Are all the section 6 and section 7 RF Tx/Rx requirements defined in TS 38.101-5 applicable to both GSO and NGSO? 
Traditionally, 3GPP RF requirements are tested without considering fading effects, including time delay/variation, doppler shift/variation. As a result, RAN4 did not consider satellite movement impact on the section 6 and section 7 RF Tx/Rx requirements defined in TS 38.101-5 and 36.102, except for the Frequency Error requirements.
It is RAN4 assumption that the requirements still apply to both GSO and NGSO unless otherwise stated, this applies to both 38.101-5 and 36.102. See specific answers below on Frequency Error.
Q1b: Are there any NR NTN demod performance requirements applicable to GSO (even if not defined in TS 38.101-5)? 
Legacy demod performance requirement in 38.101-4/36.101 are applicable to GSO. GSO-only UE is only required to be tested requirements in 38.101-4/36.101 if applicable.
Q1a also applies to section 6 and section 7 requirements defined in TS 36.102. Please answer in the context of TS 36.102 also.
Answers for 36.102 are covered by the answer for 38.101-5 above.

Zero Doppler conditions:
Q2a: With regards to zero Doppler conditions indicated in section 6 and section 7 requirements in TS 38.101-5:
Q2a1: Specifically, for NGSO where satellite orbit introduces a time varying Doppler shift and time varying propagation delay, is it expected to emulate zero Doppler condition in conformance testing of these section 6 and section 7 requirements?
For NGSO, for zero doppler testing of section 6 and 7 requirements (other than Frequency Error), RAN4 expects the same test conditions as for terrestrial UE conformance testing of those requirements. The corresponding RAN4 agreement in RAN4#106 (R4-2303538) can be found as copied below: 
	Issue 2-6: RF requirements verification
Agreement: 
Zero doppler shall be applied for all RF requirements unless otherwise stated (i.e., except for frequency error at least with NGSO)



Therefore RAN4 would expect a test mode to be used such that the UL pre-compensation mechanism and associated functions will not be active in the UE for verification of those requirements.
For Frequency Error, it is expected that only non-zero doppler is tested.

Q2a2: For GSO (different from GEO), do we need to emulate any Doppler shift/propagation delay in conformance testing? 
For GSO, RAN4 expects the same requirements verification approach as for NGSO for requirements other than Frequency Error.
For GSO Frequency Error, it suggests not to emulate Doppler shift or time delay variations to keep the test simple. It can be observed as the simulation results in the Table below, the doppler varying of GSO is very limited. Specifically, the test time of Frequency Error can be in the level of less than 1 sec, and thus the doppler shift during the test is limited.   
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Q2a3: For GEO, do we need to emulate any Doppler shift/propagation delay in conformance testing? 
For GEO, RAN4 expects the same requirements verification approach as for NGSO for requirements other than Frequency Error.
Q2a questions also apply to section 6 and section 7 requirements defined in TS 36.102. Please answer in the context of TS 36.102 also.
The answers above for section 6 and 7 of TS 38.101-5 also apply for TS 36.102.


Q2b: Under the zero Doppler conditions defined in section 6/7 of TS 38.101-5 and TS 36.102, what are RAN4 assumptions for UE Doppler and delay pre-compensation mechanisms for conformance testing: activated or deactivated?
[bookmark: _Ref141999962]Based on the above responses, RAN4 expects UE precompensation mechanisms to be deactivated for conformance testing, other than for Frequency Error requirements verification where we provide a specific response below.

Proposal 2: With zero doppler conditions defined in section 6/7 of TS 38.101-5 and TS 36.102, it is suggested that pre-compensation is deactivated.  

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?
At this moment, RAN4 has not yet introduced Ephemeris data to derive non-zero or time-varying Doppler shift. Besides, current AWGN without Doppler shift has been used in the most of test cases. 
Thus, it is suggested not to emulate Doppler shift or time delay variations.

Q2d: Are the zero Doppler or time varying assumptions applicable for conformance testing of demod performance requirements in section 8 in TS 38.101-5 and 36.102?
The frequency drift is not considered in the current demod performance requirements in section 8 of TS 38.101-5 and 36.102. The corresponding agreement can be found in RAN4#103-e (R4-2210661) and as copied below for reference. 
	Issue 1-3-1: Frequency drift
· Proposals 
· Option 1: Consider the Frequency Drift 
· Option 1a: A uniform distribution model with the drift range of [-200, 200] Hz for UL and DL demodulation
· Option 1b: Maximum frequency rate of 0.27ppm/s for DL
· Option 2: Do not consider the Frequency Drift
· Agreements: 
· Option 2 by assuming UE compensation functionality covered by other requirements i.e., RF requirements (frequency error)



Other than zero Doppler conditions:
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 GSO and GEO it is expected that the Frequency Error requirement is verified only in zero Doppler conditions. 
For NGSO it is expected that the Frequency Error requirement is verified in constant doppler and delay conditions. It would be expected that Frequency Error is verified in static channel conditions, i.e. with appropriate satellite data provided and with UE location information explicitly provided to the UE to generate static test conditions for the UE.

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?
UL precompensation would need to be unchanged at the UE during the Frequency Error verification. As the UE behaviour for UL precompensation is not fully defined (in order to allow for optimisations in the field), to fix the UL pre-compensation in NGSO scenario, RAN4 would expect some form of testing mode in the UE that allows the UL precompensation to be fixed (once adapted to precompensate the target constant UL doppler) during the test case.

Q3a and Q3b also apply to frequency error requirements defined in TS 36.102 section 6.4A.1 and 6.4B.1. Please answer in the context of TS 36.102 also.
RAN4 expects the same approach for TS 36.102 as for TS 38.101-5.

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.
In our understanding, no satellite propagator model has been assumed for both 36.102/38.101-5.
Particularly for Demod requirement (as section 8 requirements defined in TS 38.101-5), the frequency drift is not discussed as in Q2d and the sampling offset model (given the time varying propagation delay) is not defined, as the agreement in RAN4#103-e (R4-2210661) and as copied below for reference. Those also show the satellite propagator model are not assumed.
	Issue 1-3-2: Timing drift and sampling frequency offset
· Proposals 
· Option 1: Do not define sampling offset model
· Option 2: Consider a baseline compensation method for simulation efforts to account for the sampling frequency offset given the time-varying propagation delay.
· Agreements: 
· Option 1 by assuming UE compensation functionality covered by other requirements i.e., RF requirements 
· It’s FFS whether this already covered by other requirement (RF and or RRM); RAN4 can further discuss whether this need to be verified by demodulation requirements if RAN4 conclude it’s not covered by other requirements (RF and or RRM).



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)? 
Answer: RAN4 provides high-level guidance as in TS 38.133 Annex B.5 but without detail of Ephemeris information and the corresponding time-varying Doppler and delay shift in the corresponding measurement channel models for test cases listed under Annex A.14. 


UE location updates for multipath fading channels:
In general, it is not needed to update UE location to verify RAN4 requirements, as the legacy tests. 
3. Response LS draft

1. Overall Description:

Requirements applicability to different types of satellites:
Q1a: Are all the section 6 and section 7 RF Tx/Rx requirements defined in TS 38.101-5 applicable to both GSO and NGSO? 
Answer: It is RAN4 assumption that the requirements still apply to both GSO and NGSO unless otherwise stated, this applies to both 38.101-5 and 36.102. See specific answers below on Frequency Error.
Q1b: Are there any NR NTN demod performance requirements applicable to GSO (even if not defined in TS 38.101-5)? 
Answer: Legacy demod performance requirement in 38.101-4/36.101 are applicable to GSO. GSO-only UE is only required to be tested requirements in 38.101-4/36.101 if applicable.
Q1a also applies to section 6 and section 7 requirements defined in TS 36.102. Please answer in the context of TS 36.102 also.
Answers for 36.102 are covered by the answer for 38.101-5 above.

Zero Doppler conditions:
Q2a: With regards to zero Doppler conditions indicated in section 6 and section 7 requirements in TS 38.101-5:
Q2a1: Specifically, for NGSO where satellite orbit introduces a time varying Doppler shift and time varying propagation delay, is it expected to emulate zero Doppler condition in conformance testing of these section 6 and section 7 requirements?
Answer: For NGSO, for zero doppler testing of section 6 and 7 requirements (other than Frequency Error), RAN4 expects the same test conditions as for terrestrial UE conformance testing of those requirements. Therefore RAN4 would expect a test mode to be used such that the UL pre-compensation mechanism and associated functions will not be active in the UE for verification of those requirements.
For Frequency Error, it is expected that only non-zero doppler is tested.

Q2a2: For GSO (different from GEO), do we need to emulate any Doppler shift/propagation delay in conformance testing? 
For GSO, RAN4 expects the same requirements verification approach as for NGSO for requirements other than Frequency Error.

Q2a3: For GEO, do we need to emulate any Doppler shift/propagation delay in conformance testing? 
Answer: RAN4 view is that it is not needed to emulate Doppler shift or time delay variations for GEO.
Q2a questions also apply to section 6 and section 7 requirements defined in TS 36.102. Please answer in the context of TS 36.102 also.
The answers above for section 6 and 7 of TS 38.101-5 also apply for TS 36.102.

Q2b: Under the zero Doppler conditions defined in section 6/7 of TS 38.101-5 and TS 36.102, what are RAN4 assumptions for UE Doppler and delay pre-compensation mechanisms for conformance testing: activated or deactivated?
Answer: Based on the above responses, RAN4 expects UE precompensation mechanisms to be deactivated for conformance testing, other than for Frequency Error requirements verification where we provide a specific response below.

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?
Answer: At this moment, RAN4 has not yet introduced Ephemeris data to derive non-zero or time-varying Doppler shift. Besides, current AWGN without Doppler shift has been used in the most of test cases. RAN4 view is that it is not needed to emulate Doppler shift or time delay variations. 
Q2d: Are the zero Doppler or time varying assumptions applicable for conformance testing of demod performance requirements in section 8 in TS 38.101-5 and 36.102?
Answer: The frequency drift is not considered in the current demod performance requirements in section 8 of TS 38.101-5 and 36.102.

Other than zero Doppler conditions:
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?
Answer: For GSO and GEO it is expected that the Frequency Error requirement is verified only in zero Doppler conditions. 
For NGSO it is expected that the Frequency Error requirement is verified in constant doppler and delay conditions. It would be expected that Frequency Error is verified in static channel conditions, i.e. with appropriate satellite data provided and with UE location information explicitly provided to the UE to generate static test conditions for the UE.

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?
Answer: UL precompensation would need to be unchanged at the UE during the Frequency Error verification. As the UE behaviour for UL precompensation is not fully defined (in order to allow for optimisations in the field), to fix the UL pre-compensation in NGSO scenario, RAN4 would expect some form of testing mode in the UE that allows the UL precompensation to be fixed (once adapted to precompensate the target constant UL doppler) during the test case.

Q3a and Q3b also apply to frequency error requirements defined in TS 36.102 section 6.4A.1 and 6.4B.1. Please answer in the context of TS 36.102 also.
Answer: RAN4 expects the same approach for TS 36.102 as for TS 38.101-5.

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.
Answer: No Satellite propagator model has been assumed for both 36.102/38.101-5.
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)? 
Answer: RAN4 provides high-level guidance as in TS 38.133 Annex B.5 but without detail of Ephemeris information and the corresponding time-varying Doppler and delay shift in the corresponding measurement channel models for test cases listed under Annex A.14. 

UE location updates for multipath fading channels:
Q5a: For conformance testing of TS 38.101-5 section 8 requirements in multipath fading channel, should UE location updates follow UE motion?
Answer: RAN4 view is that it is not needed to update UE location to verify demod requirements in TS 38.101-5 and TS36.102. 
Q5b: For conformance testing of TS 38.133 Annex A.14 RRM test cases in multipath fading channel, should UE location updates follow UE motion?
Answer: RAN4 view is that it is not needed to update UE location to verify RRM requirements in TS 38.133 and TS36.133. 
Q5a and Q5b also apply to section 8 requirements of TS 36.102 and RRM test cases in TS 36.133. Please answer in the context of TS 36.102 and TS 36.133 also.
Answer: Same answers apply for 36.102/36.133 as for 38.101-5/38.133.

2. Actions:
To RAN WG5:
RAN4 would like to kindly ask RAN5 to take the above information into account.

3. Date of Next RAN WG4 Meetings:
TSG RAN WG4 Meeting #109			November 13th – 17th, 2023 	Chicago, US
TSG RAN WG4 Meeting #109-bis			January 22th – 26th, 2024 		TBD

Summary
In this contribution, our views and detailed discussions are provided in section 2 and the corresponding draft LS response is provided in section 3. Our observations and proposals are also summarized as below:
Observation 1: For GSO, the doppler shift and doppler varying are limited during test.
Proposal 1: Zero doppler and constant delay can be applied to GEO/GSO tests for section 6 and section 7 requirements in TS 38.101-5.
Proposal 2: With zero doppler conditions defined in section 6/7 of TS 38.101-5 and TS 36.102, it is suggested that pre-compensation is deactivated.
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