
[bookmark: _Hlk498612625]3GPP TSG-RAN WG4 Meeting#102-e	R4-2206123
Online, 21st Feb – 3rd Mar, 2022

Source: 	Qualcomm Incorporated
Title: 	Views on NTN UE Demod Requirements
Agenda item:	10.13.6.3.1
Document for:	Discussion
1. Introduction
Considering that both the NTN access node (e.g., LEO600) and UE can be mobile as well as large Doppler shift and long propagation delay, NTN UE demodulation requires careful treatment compared to that of a terrestrial NR UE. In this paper, we provide our views on the NTN UE demodulation requirements. 
2. Requirements for NTN UE PDSCH Tests
Enhancement on HARQ
The disabling HARQ retransmission allows the gNB to use an HARQ process ID before a full HARQ RTT has passed. This enables to achieve peak Tput even when the number of HARQ process IDs are less than what is required number of slots.  

Proposal 1: RAN4 should not define a separate test for disabled HARQ, but the disabled HARQ can be tested with number of re-Tx set to 1 for the agreed NTN UE demod tests.

CSI Reporting
The RTT could be very large in NTN transmission. For example, the maximum RTT for LEO600 could be 25.77ms (propagation delay only). As UE may also be moving and depending on the speed, the CSI feedback may not be representative of the channel condition due to large propagation delay by the time it is applied for DL transmission.

Proposal 2: The requirements for CSI reporting should not defined.

Doppler Model
The NTN UEs are assumed to have GNSS capabilities. Therefore, UE is GNSS capabilities will know its position and along with NTN ephemeris, it can calculate its relative speed compared to the satellite. Knowing the relative speed, UE can potentially calculate and apply a pre-compensation for the Doppler frequency so that the UL signal is received at the satellite at the desired frequency. 
The total frequency offset can be given by [1]
                                                                             (1)
where,


 denotes the final frequency offset in Hz

 denotes the UE crystal accuracy in ppm

 denotes Doppler shift due to satellite movement in ppm. Pre/post Doppler shift compensation can be assumed.

 denotes the Doppler shift due to UE movement in ppm

 denotes the carrier frequency used on the service Down Link in Hz

The UE crystal accuracy can be left to the UE implementation. Furthermore, it is reasonable to assume that gNB can detect and compensate for the frequency shift due to on-board oscillator long-term drift.

Proposal 3: The performance requirement should not be defined with the assumption of Doppler compensation at satellite payload.

Proposal 4: Parameters in Table 1 can be assumed to compute the total frequency offset (without Doppler compensation at the satellite) and frequency drift for LEO600.

Table 1: Simulation assumptions for Doppler shift and drift

	Max Doppler shift (Note 1)
	24 ppm

	Max Doppler rate
	    0.27 ppm/s


Note 1: Min. Elevation angle for both sat- user equipment is equal to 10 degrees.

Sampling Frequency Offset
As both the satellite and UE may be moving at different speeds, e.g., LEO600, the propagation delay could be time-varying and thus can impact the sampling frequency at the UE side. Therefore, it is important to study relevant compensation methods to ensure UE performance. For example, the UE may drop or add samples as necessary based on the estimated sampling frequency offset.

Proposal 5: RAN4 should consider a baseline compensation method for simulation efforts to account for the sampling frequency offset given the time-varying propagation delay.

3. Conclusions
This paper provides our views on defining the requirements for the NTN UE demodulation tests. The following has been proposed:
Proposal 1: The disabled HARQ should be tested with number of re-Tx set to 1 to avoid defining a special test.

Proposal 2: The requirements for CSI reporting should not defined.

Proposal 3: The performance requirement should not be defined with the assumption of Doppler compensation at satellite payload.

Proposal 4: Parameters in Table 1 can be assumed to compute the total frequency offset (without Doppler compensation at the satellite) and frequency drift for LEO600.

Proposal 5: RAN4 should consider a baseline compensation method for simulation efforts to account for the sampling frequency offset given the time-varying propagation delay.
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