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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
RAN4 #103-e agreed a WF with several topics [2]:Issue 1-1-1: Scenarios for NTN demodulation requirements
· Proposals
· Option 1: Define the NTN demodulation requirement only based on the worst case of elevation angle in LEO600 deployment. The delay and Doppler configuration should be based on the agreed worst case.
· Option 2: Consider the maximum delay spread of 100ns (Agreements from RAN4#102e). The doppler shift will depend on the outcome of Issue 1-2-2 – Issue 1-2-6
· Agreements:
· Further discuss in next meeting.
Issue 1-1-2: Elevation angle
· Proposals
· Option 1: Consider the following elevation angles and the corresponding delay spread, k-factor, etc., 
· Dense urban LOS scenario with elevation angle 20o, 50o and 90o
· Urban NLOS scenario with elevation angle 20o, 50o and 90o
· Option 2: Whether to consider the different elevation angles and corresponding k-factors depend on the outcome of Issue 1-2-2 – Issue 1-2-6
· Agreements:
· Further discuss in next meeting.
Issue 1-2-1: Maximum Doppler shift due to UE motion
· Agreements: 
· Do not explicitly specify the UE speed and to consider the Doppler shift that reflects a reasonable UE speed.
Issue 1-2-2: Doppler shift due to satellite motion for DL in service link
· Proposals
· Option 1: Do not verify the UE compensation prior to the baseband processing. The maximum doppler shift is residual frequency offset, i.e., 0.1ppm.
· Option 2: If no other test cases (including Demod/RRM/RF) cover the frequency error after UE compensation, consider the maximum doppler shift 24ppm, i.e., 48 cos⁡〖α_model 〗 (kHz) , where α_model is the chosen satellite elevation angle, to verify the UE compensation prior to the baseband processing.
· Agreements: 
· Option 1 under the assumption UE compensation functionality will be 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).



Issue 1-2-3: Doppler shift modelling 
· Proposals
· Option 1: TE should generate the channel model by TE simulated satellite ephemeris and TE GNSS without any extra UE reporting for the UE location during the test if option 2 in Issue 1-2-2 is agreed.
· Option 2: Other option if any
· Agreements: 
· FFS if needed
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)
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).
Issue 1-5-1: Channel model parameter combination
· Proposals
· Option 1: Take following channel parameter combination for NTN demodulation:
· NTN-TDLX <DS>-<Fd>-<Doppler>
· Where, NTN-TDLX represents the tap delay profile based on a certain TDL-X channel model with a certain satellite elevation angle, DS is the desired delay spread, Fd is frequency shift in both service link and feed link, and Doppler is the maximum Doppler shift caused by UE motion.
· Option 2: other option if any
· Agreements: 
· Further discuss in next meeting.


Issue 1-5-2: Channel model k-factor
· Proposals
· Option 1: Channel model k-factor: 21.6.
· Option 2: other option if any.
· Agreements: 
· Further discuss in next meeting.

Scenarios and elevation angles have been discussed in previous RAN4 meeting. There is already agreement for delay spread and maximum Doppler since residual Doppler was agreed to be used for demodulation requirements. When the agreements of residual frequency error (0.1ppm or 200Hz) and DS are considered, the elevation angle could affect only K-factor value in LOS channel. In addition, there is already an agreement to consider only NTN-TDL-A (NLOS) and NTN-TDL-C (LOS) for demodulation requirements. The worst-case elevation angle considered in RAN1 discussion and TR38.821 [3] Table 6.1.3.2-1 is 30 degrees for LEO, and thus k-factor value could be set to the mean k-factor value according to a specific scenario at this elevation from Table 6.7.2-x in TR38.811 [4]. For example, as rural case is the most common scenario, kfactor=8.05 dB at worst case elevation angle for LEO. In our simulations 8.05 dB compared to our earlier proposed 21.6 dB doesn’t seem to make a big difference in PDSCH performance [5]. 
Based on earlier discussion we don’t see a strong need to introduce any more complexity to the requirements other than decide the remaining k-parameter. For the actual value we are open for discussion.
Observation 1: There is no need to add further complexity to demodulation requirements other than decide the desired k-parameter value(s).
Observation 2: K-factor value could be chosen based on worst case elevation angle discussed in RAN1 (30 degrees for LEO) and the most appropriate scenario (e.g., rural).
Maximum Doppler shift due to the UE motion has been discussed and agreement made, however agreement talks only about “Doppler shift that reflects a reasonable UE speed”. We believe the agreement should be about the maximum Doppler spread for the channel modelling. This could be clarified.
Observation 3: Agreement related to Issue 1-2-1 could be clarified to be about “maximum Doppler spread”.
Doppler shift precompensation has been discussed extensively based on the two options above. In the first option it is assumed that the Doppler caused by the satellite motion is compensated 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 not really belong to the demodulation requirements testing. It has been agreed not to introduce Doppler caused by the satellite motion to demodulation requirements, which sounds reasonable. It needs to be discussed in RAN4 if it is, or can be, taken into account in other requirements.
Channel model parameter combination has been discussed, however we don’t see a need for such after the decision to use residual Doppler in the demodulation requirements.
Proposals such as frequency drift, timing drift and sampling frequency offset have also been left out of scope of demodulation requirements, which also makes sense. They can be considered as part of other requirements.





Conclusion
This contribution discusses aspects related to general issues of NTN demodulation requirements and has the following observations:
Observation 1: There is no need to add further complexity to demodulation requirements other than decide the desired k-parameter value(s).
Observation 2: K-factor value could be chosen based on worst case elevation angle discussed in RAN1 (30 degrees for LEO) and the most appropriate scenario (e.g., rural).
Observation 3: Agreement related to Issue 1-2-1 could be clarified to be about “maximum Doppler spread”.
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