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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, proposal for simulation parameters and preliminary simulation results for PDSCH demodulation requirements. 


Discussion
PDSCH demodulation requirements
RAN4 #102-e agreed a WF with several topics [2]:Issue 3-2-1: How to define the PDSCH requirements for GEO and LEO
· Proposals
· Option 1: Only define requirements for LEO
· Option 2: Define requirements for GEO and LEO separately
· Option 3: Define one set requirements which are applicable for LEO and GEO (Moderator’s note: please explain how to define one requirement to apply for LEO and GEO if select this option)
· Agreement:
· FFS on how to define the PDSCH requirements for GEO and LEO

Issue 3-2-4: SCS/CBW set for PDSCH requirements
· Proposals
· Option 1: Only consider 15kHz SCS/10MHz  
· Option 2: In addition to 15kHz SCS/10MHz, need to further consider 30kHz SCS: 20MHz 
Moderator’s note: Do we need to align the SCS/CBW set for UL and DL?
· Agreement:
· Select 15kHz SCS/10MHz, further discuss whether to consider 30kHz SCS/ 20MHz
· 
Issue 3-2-5: Modulation order for PDSCH requirements
· Proposals
· Option 1: Only consider QPSK and 16QAM  
· Option 2: In addition to QPSK and 16QAM, need to further 64QAM 
· Agreement:
·  Consider QPSK and 16QAM, further discuss whether to consider 64QAM.




It has been discussed how to define PDSCH requirements for GEO an LEO. LEO is very different to the TN case because of the high speed of the satellite compared to the UE, whereas GEO remains stationary compared to the earth. Difference between GEO and TN seems to be mainly much longer round trip time due to the height of the GEO satellite orbit. Hence there doesn’t seem to be a major reason to introduce GEO requirements in addition to the legacy TN ones. We propose to define requirements only for LEO case.
Proposal 1:  Define NTN PDSCH demodulation requirements for LEO only.
There is agreement to select 15kHz SCS and 10MHz bandwidth and consider 30kHz SCS with 20MHz bandwidth as additional case. Existing specification has only one RMC with 64QAM for 30kHz PDSCH. Hence if 30kHz and QPSK/16QAM requirements are desired then new RMC:s would need to be introduced. 
Observation 1: Existing specification has only one RMC with 64QAM for 30kHz PDSCH.
RAN4 #102-e agreement:Further discuss below two options 
· Option 1: Supporting UL/DL 64QAM for NTN operation as optional with [per UE/per band]
· Option 2: Mandatory same as TN operation 
Agreement: 
Supporting UL/DL 64QAM for NTN operation as optional with per band 

Decision:		Approved.


Modulation order for NTN PDSCH demodulation requirements has been discussed and agreement reached to introduce requirements with QPSK and 16QAM and further discuss 64QAM. 64QAM support in general has been discussed and above agreement has been made in RAN4 #102-e to make 64QAM as optional per band. However if we look at the link budget results in TR 38.821 [3], they clearly show that SNRs required by 64QAM do not exist in any of the cases with 2GHz carrier frequency. Hence we propose not to introduce 64QAM demodulation requirements for NTN PDSCH at least in this stage.
Proposal 2:  Do not introduce 64QAM demodulation requirements for NTN PDSCH.

Simulation parameters
Proposed simulation parameters for demodulation requirements are shown in Table 1. These parameters are for HARQ disabled case. The parameters are assuming fixed SNR, NTN TDL-A, NTN TDL-C channel profiles and 100ns delay spread according to agreement in [2]. 
We have chosen to use k-factor of 21.6 for TDL-C channel, corresponding to suburban scenario with 50 degrees elevation in TR 38.811 [4]. This k-factor seems to be a good compromise providing adequate difference between the LOS and NLOS conditions. 
In these simulations we have assumed UE velocity to be 3km/h as it is also in TR 38.821 [3] link simulation assumptions for S-band. 
We have chosen to use two existing RMC:s with lowest SNR requirements for the simulations i.e. R.PDSCH.1-1.1 FDD (QPSK) and R.PDSCH.1-2.1 FDD (16QAM). We propose these to be used for demodulation requirements.
Proposal 3:  Use existing RMC:s R.PDSCH.1-1.1 FDD (QPSK) and R.PDSCH.1-2.1 FDD (16QAM) for NTN PDSCH demodulation requirements.
We propose the parameters provided to be taken into account when parameters for NTN PDSCH demodulation requirements are decided.
Proposal 4:  Use parameters in Table 1 for NTN PDSCH demodulation requirements.
We have discussed Doppler shift and antenna configuration in our accompanying contribution [5].








Table 1 Proposed simulation parameters for PDSCH demodulation requirements
	Parameter
	Value

	Number of SAN antennas/UE antennas
	1x2

	Carrier frequency
	2 GHz

	Residual frequency offset
	No FO,
0.1ppm (200Hz)

	Channel model 
	NTN-TDLA 100 ns (NLOS)
NTN-TDLC 100ns (LOS)

	Channel model k-factor
	21.6 (corresponds to suburban scenario with 50 degrees elevation)

	UE velocity
	3 km/h

	MCS
	4 (QPSK, 64QAM MCS table)
13 (16QAM, 64QAM MCS table)

	Reference measurement channel
	R.PDSCH.1-1.1 FDD (QPSK)
R.PDSCH.1-2.1 FDD (16QAM)

	HARQ
	Maximum number of HARQ transmissions
	1

	
	RV sequence
	N/A

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	Depends on RMC

	
	Number of DM-RS CDM group(s) without data
	1

	
	Ratio of PDSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0}

	
	DM-RS sequence generation
	NID0=49, nSCID =0

	Time domain resource assignment
	PDSCH mapping type
	A

	
	Start symbol
	2 

	
	Allocation length
	12

	Frequency domain resource assignment
	RB assignment
	Depends on RMC



Simulation results
Preliminary simulation results for QPSK/16QAM and NTN TDL-A/C are shown in Figures 1-4. Both BLER and throughput percentage plots are provided. Also results are shown without frequency offset and with 200Hz residual frequency offset. Effect of residual frequency offset is rather minor in QPSK but shows more in 16QAM, especially with NTN-TDL-A channel.
As can be seen 10% BLER and 70% of the peak throughput can be achieved with reasonable SNR. 
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Figure 1 BLER and throughput percentage for QPSK and NTN-TDL-A 100ns
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Figure 2 BLER and throughput percentage for QPSK and NTN-TDL-C 100ns
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Figure 3 BLER and throughput percentage for 16QAM and NTN-TDL-A 100ns
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Figure 4 BLER and throughput percentage for 16QAM and NTN-TDL-C 100ns

Conclusion
This contribution discusses aspects related to NTN PDSCH demodulation requirements for NTN and has the following proposal and observations:
Proposal 1:  Define NTN PDSCH demodulation requirements for LEO only.
Observation 1: Existing specification has only one RMC with 64QAM for 30kHz PDSCH.
Proposal 2:  Do not introduce 64QAM demodulation requirements for NTN PDSCH.
Proposal 3:  Use existing RMC:s R.PDSCH.1-1.1 FDD (QPSK) and R.PDSCH.1-2.1 FDD (16QAM) for NTN PDSCH demodulation requirements.
Proposal 4:  Use parameters in Table 1 for NTN PDSCH demodulation requirements.
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