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Introduction
The NTN WI is presented in [1], where the following RAN4 objectives are defined:
	4.1.4	RAN4
Study the framework how NTN core requirements are defined.

Specify the following requirements [RAN4] (Note 1)
· UE RRM core requirements 
· Study and identify which bands may be potentially relevant to NTN including: 
· Analysis of regulations in the spectrum considered
· Adjacent channel co-existence 
· Considering the potential bands to be used as example for the WID:
· Specify needed generic RF core requirements for the network and the UE such that adjacent channel co-existence scenarios are met and performance of other RF parameters (RX performance, TX signal quality etc.) are subject to acceptable minimum requirements 

· Investigate and specify UE timing & frequency pre compensation accuracy requirements as needed [RAN4].

Note 1: It is assumed that this work item will be frequency agnostic and therefore we can consider that NTN can operate in FR1 or FR2 ranges. Defining NR bands for NTN should be included as part of dedicated Rel-17 RAN4 led work items including an analysis of regulations in spectrum considered, which bands 3GPP should specify, as well as potential co-existence between NR terrestrial and satellite
Note 2: The spectrum usage on the service link for HAPS might be a different spectrum allocation than for Satellite. 



In this contribution we present discussion of some open issues related to NTN demodulation requirements. 


Discussion
General
Downlink

RAN4 #102-e agreed a WF with several topics [2]:Issue 3-1-2a: Doppler shift model-UE pre-compensation
· Proposals
· Option 1: Consider the UE pre-compensation for DL demodulation, i.e., the maximum doppler shift is residual frequency offset with a small value, e.g., 0.1ppm 
· Option 2: Do not consider the UE pre-compensation for DL demodulation, i.e., the maximum doppler shift is total frequency offset (without Doppler compensation at the satellite), e.g., 24ppm
· Agreement:
· FFS whether to consider UE pre-compensation for DL demodulation, e.g., how to assume the frequency offset.
Issue 3-1-2b: Doppler shift model- Frequency drift
· Proposals
· Option 1: Consider the frequency drift for DL demodulation
· Option 2: Do not consider the frequency drift for DL demodulation
· Agreement:
· FFS on whether to consider the frequency drift for DL demodulation.
Issue 3-1-3b: Delay spread model-Sampling frequency offset
· Proposals
· Option 1: Consider sampling frequency offset for DL demodulation
· Option 2: Not consider sampling frequency offset for DL demodulation
· Agreement:
· FFS on sampling frequency offset
Issue 3-1-4: Antenna configuration
· Proposals
· Option 1: Only consider SAN 1Tx – UE 2Rx
· Option 2: In addition to SAN 2Tx – UE 2Rx, further consider SAN 1Tx – UE 2Rx and SAN 1Tx – UE 4Rx
· Agreement:
· Consider SAN 1Tx-UE 2Rx as the starting point. 
· FFS on whether to consider SAN 2Tx – UE 2Rx and SAN 2Tx – UE 4Rx.



Doppler shift precompensation has been discussed based on the two options above. In the first option it is assumed that the Doppler caused by the satellite movement is compented by utilizing the ephemeris information and Doppler compensation is not part of demodulation requirements. In the latter case the assumption is that the Doppler compensation due to satellite movement is part of demodulation requirements. Having the compensation as part of demodulation requirements would complicate testing because some parameters are needed to be signalled for ephemeris information and hence the related ephemeris modelling would need to be discussed and agreed. In our view this would complicate testing unnecessarily and thus should be avoided. Hence we support option 1.
Proposal 1: For NTN UE demodulation requirements maximum doppler shift is residual frequency offset.
Frequency drift has been discussed with the two options either to take it into account in DL demodulation requirements or not. In this topic our view is similar to the previous one, we don’t think this should be part of demodulation requirements.
Proposal 2: Do not consider the frequency drift for NTN UE demodulation requirements.
Sampling frequency offset has been discussed based on the two options, either to take it into account in UE demodulation requirements or not. According to proponent the frequency offset is caused by the time varying propagation delay in LEO case. The issue itself sounds very implementation dependent. Some clarification would be needed how to take this into account in demodulation requirements.
Observation 1: Sampling frequency offset issue should be clarified further.
Antenna configuration has been discussed and 1x2 has been chosen as starting point. It has been left for further study whether to include 2x2 and 2x4. In discussions it looks like single antenna is the most probable option in satellite deployments and also it is always assumed in TR 38.821 [3] link simulation parameters. It has been agreed that requirements for TN apply to NTN UEs, hence there may not be need for additional antenna configurations. Having 4 Rx antennas does not sound very probable configuration for 2GHz carrier frequency. 
Proposal 3: Do not introduce SAN 2Tx-UE 4Rx for the NTN UE demodulation requirements.

Uplink

Agreed way forward [2]: 
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The main residual frequency error is mainly in the service link due to inaccurate UL doppler pre-compensation. This residual doppler error is previously agreed to be 200Hz maximum (0.1ppm), and it is not expected to have a higher residual error in the feeder link. The transceiver in the feeder link can more accurately estimate and track the doppler shift than the UE UL pre-compensation. The companies are encouraged to justify 0.5ppm residual error in feeder link or in general errors higher than that in service link. 

Observation 2: Residual frequency error in the feeder link is expected to be less than that in service link (smaller than 0.1 ppm).  

Our preliminary results in NTN-TDL-A/C depicted in the following section show that 0.1 ppm error has negligible effect with MCS4 (QPSK and R=120/1024). 

Observation 3: 0.1 ppm residual frequency error has negligible effect with low MCS.  

We are open to consider also the feeder link residual error as well to add to the oscillator errors if it is seen necessary by the satellite companies. In that case, an overall residual frequency error from service and feeder link can be jointly considered. 

Proposal 4: Consider the overall residual frequency error due service/feeder link and oscillators errors for UL.  
A meaningful value for most cases in order of 0.2 ppm could be considered. 

Conclusion
This contribution discusses aspects related to general issues of NTN demodulation requirements and has the following proposal and observations:
Proposal 1: For NTN UE demodulation requirements maximum doppler shift is residual frequency offset.
Proposal 2: Do not consider the frequency drift for NTN UE demodulation requirements.
Observation 1: Sampling frequency offset issue should be clarified further.
Proposal 3: Do not introduce SAN 2Tx-UE 4Rx for the NTN UE demodulation requirements.
Observation 2: Residual frequency error in the feeder link is expected to be less than that in service link (smaller than 0.1 ppm).  

Observation 3: 0.1 ppm residual frequency error has negligible effect with low MCS.  

Proposal 4: Consider the overall residual frequency error due service/feeder link and oscillators errors for UL.  
References     
[1] [bookmark: _Ref54013899][bookmark: _Hlk92129218][bookmark: _Hlk92131811]RP-220208, Revised WID: Solutions for NR to support non-terrestrial networks (NTN), Thales
[2] R4-227464, WF on general and NTN UE demodulation requirements, Qualcomm
[3] TR 38.821 v16.1.0, Solutions for NR to support non-terrestrial networks (NTN), 3GPP


3GPP
image1.png
Issue 2.1.1: Doppler shift me
Agreements

+ Consider 200Hz asthem aximum Doppler shift for UL in service link
Candidate options

+ Option 1: Do not consider the residual Doppler error for UL in feederlink

+ Option 2: Consider the residual Dappler error for UL in feederlink. 0.5ppm is the worst case.





