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1	Introduction
RAN4 has received a LS from RAN5 seeking clarifications on some NTN requirements [1]. The key issue is around the zero Doppler conditions as agreed in RAN4 for both NR NTN and IoT NTN. In the following, we share our views on this issue and attempt to answer RAN5’s questions related to RF requirements. For questions related to RRM and demod, they will be discussed in separate papers in R17 maintenance AI.
2	Discussion
2.1	Zero Doppler condition
It has been pointed out by RAN5 [1] that the following are specified/agreed in RAN4:
“In TS 38.101-5 Sections 6.1 and 7.1, it is indicated that all requirements for NR NTN in such specification, except for frequency error, shall be verified when Doppler conditions are set to zero. Even when not yet in TS 36.102, similar agreement was achieved for IoT NTN in R4-2303538 Issue 2-6.”
It is our understanding that a UE does not need to perform frequency pre-compensation for UL transmissions when Doppler conditions are set to zero. However, a UE in the field would always decode the ephemeris information received in the DL and perform UL frequency pre-compensation based on the estimated Doppler shift.
There are benefits and drawbacks whether to artificially set the Doppler conditions to zero in the specifications, which are listed in Table 1 below for comparison.
Table 1: Comparison of different Doppler conditions
	Options
	Pros
	Cons

	a) Artificial zero Doppler conditions
	1. The verification of most performance requirements is not affected by any error of the frequency pre-compensation.

2. Potential test burden reduction and possible simplification for TE implementation.
	1. UE can only be tested under GSO, or UE needs to implement special test functions to disable frequency pre-compensation.

2. Extra overhead for UEs to implement special test functions.

	b) Normal Doppler conditions based on satellite orbits
	1. UEs can be tested under normal operations as if in the field.

2. No restrictions on satellite orbits or no need for special test functions.
	1. The large frequency shift due to pre-compensation might degrade UE’s RF performance.

2. The TE needs to verify the UE at the ideally pre-compensated reference UL frequency instead of the configured UL frequency.



The max Doppler shift that has been discussed by RAN1 [2] is 24ppm for LEO ignoring UE movement. Given a UL carrier frequency of 2GHz, the max Doppler shift could be 48kHz, by which a UE could shift its UL relative to the signalled UL carrier frequency after pre-compensation.
For NR NTN, the minimum guardband of 5MHz channel BW is 242.5kHz. For IoT NTN, the minimum guardband of 1.4MHz channel BW is 160kHz, while the minimum guardband of 200kHz channel BW is 10kHz. It can be seen that the frequency shift due to pre-compensation could be absorbed by channel guardband in most cases. For NB-IoT NTN, care needs to be taken to ensure the pre-compensated UL is still within the frequency range of the operating band.
Given the potential overhead of implementing special test functions and the limited benefits, we prefer to remove the zero Doppler conditions from the RAN4 specs.
Proposal 1: Prefer to remove the artificial zero Doppler conditions from the RAN4 specifications.
Proposal 2: It’s recommended for RAN5 to take care of the potential impact of large frequency shift due to UL pre-compensation during conformance testing, such as carefully select the test frequencies at band edges, prioritise the frequency error verification when arranging the test sequence.
2.2	Questions from RAN5
In the following we will provide our answers to a number of selected questions from RAN5.
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: Yes.
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: Yes, according to the current spec. Please RAN5 to confirm the feasibility. In the meantime, RAN4 is considering to remove the zero Doppler condition.
Q2a2: For GSO (different from GEO), do we need to emulate any Doppler shift/propagation delay in conformance testing?
Answer: No. 
Q2a3: For GEO, do we need to emulate any Doppler shift/propagation delay in conformance testing? 
Answer: Yes. For example, a max Doppler shift of 0.93 ppm was assumed in the study phase.
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: Besides zero Doppler conditions, variable Doppler and delay conditions are assumed.
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: No. Please refer to the answer to Q3a.
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: For section 6 and 7 requirements defined in TS 38.101-5 or TS 36.102, no satellite propagator model is assumed for the service link.

3	Conclusion
We have shared our view on the zero Doppler conditions and provided answers to a number of selected questions from RAN5. Our proposals are reiterated below.
Proposal 1: Prefer to remove the artificial zero Doppler conditions from the RAN4 specifications.
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