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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 simulation results for PUCCH demodulation requirements for NTN. 
2. Discussion
We discuss open issues related to the SAN demodulation requirements in our accompanying paper [2].  
2.1. Simulation parameters 
2.1.1. PUCCH Format 0:
 We use parameters in Table 1 taken from agreed way forward [3] for NTN PUCCH demodulation requirements.
Table 1 Simulation parameters for PUCCH format 0 demodulation requirements
	Parameter
	Test

	PUCCH format
	0

	Number of UCI information bits
	1

	Number of PRBs
	1

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	Enabled

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	12

	Number of OFDM symbols
	2

	Number of TX antennas
	1

	Number of RX antennas
	[1], 2

	Propagation conditions and correlation matrix
	NTN-TDLA100-200 Low

	Test metric
	[bookmark: _Hlk100222227]ACK missed detection probability <1%



We show results for ACK missed detection probability for 15KHz SCS 5 MHZ CBW and 30KHz SCS 10 MHZ CBW in figure 1. We can observe from Fig. 1 that the ACK missed detection probability (%) is better with a smaller bandwidth and a higher number of Rx antenna, i.e., SCS 15 Khz CBW 5 Mhz and 2 Rx antennas, respectively.
Observation 1: The ACK missed detection probability (%) is deteriorated when the Rx antenna equals 1.

Table 2.1-2 Nokia for PUCCH format 0
	Case Number
	SCS (kHz)
	Bandwidth (MHz)
	Antenna configuration
	SNR (dB)

	1
	15
	5
	1x1
	6.37

	2
	15
	5
	1x2
	-0.09

	3
	30
	10
	1x1
	7.37

	4
	30
	10
	1x2
	3.2




2.1.2. PUCCH Format 2 (UCI BLER):
 We use parameters in Table 2 taken from agreed way forward [3] for NTN PUCCH demodulation requirements.
Table 2 Simulation parameters for PUCCH format 2 (UCI BLER) demodulation requirements

	Parameter
	Value 

	PUCCH format
	2

	Modulation order
	QPSK

	First PRB prior to frequency hopping 
	0

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping 
	The largest PRB index – (Number of PRBs – 1)

	Number of PRBs
	9

	Number of symbols 
	2

	The number of UCI information bits
	22 

	First symbol 
	12 

	DM-RS sequence generation 
	NID0=0

	Cyclic Prefix
	Normal

	Number of TX antennas
	1

	Number of RX antennas
	[1], 2

	Propagation conditions and correlation matrix
	NTN-TDLA100-200 Low

	Test metric
	UCI block error probability<1%



We show results for ACK missed detection probability for 15KHz SCS 5 MHZ CBW and 30KHz SCS 10 MHZ CBW in figure 2. We can observe from Fig. 2 that the block error probability (%) is better with a larger bandwidth and a higher number of Rx antenna, i.e., SCS 30 Khz CBW 10 Mhz and 2 Rx antennas, respectively.
Observation 2: The block error probability (%) is deteriorated when the Rx antenna equals 1.

Table 2.3.2-2 Nokia for PUCCH format 2 for UCI BLER
	Case Number
	SCS (kHz)
	Bandwidth (MHz)
	Antenna configuration
	SNR (dB)

	1
	15
	5
	1x1
	4.14

	2
	15
	5
	1x2
	-0.45

	3
	30
	10
	1x1
	4.91

	4
	30
	10
	1x2
	0.13



2.1.3. PUCCH Format 3:
 We use parameters in Table 3 taken from agreed way forward [3] for NTN PUCCH demodulation requirements.
Table 3 Simulation parameters for PUCCH format 3 demodulation requirements
	Parameter
	Value

	PUCCH format
	3

	Modulation order
	QPSK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Number of PRBs
	1

	Number of symbols
	14

	The number of UCI information bits
	16

	First symbol
	0

	Cyclic Prefix
	Normal

	Additional DM-RS configuration
	No additional DM-RS, Additional DM-RS

	Number of TX antennas
	1

	Number of RX antennas
	1, 2

	Propagation conditions and correlation matrix
	NTN-TDLA100-200 Low

	Test metric
	UCI block error probability<1%




We show results for ACK missed detection probability for 15KHz SCS 5 MHZ CBW and 30KHz SCS 10 MHZ CBW in figure 3.
Observation 3: When the number of Rx antenna equals 1, the performance, i.e., BLER, is only slightly different with or without additional DMRS. When the number of Rx antenna equals 2, the BLER of the case with additional DMRS is better than that as compared to the case without additional DMRS.
Proposal 1:  Take results shown in this document into account when defining requirements for NTN demodulation
Table 2.4-2 Ideal simulation results for PUCCH format 3
	Case Number
	SCS (kHz)
	Bandwidth (MHz)
	Antenna configuration
	SNR (dB)

	
	
	
	
	DMRS1+0
	DMRS1+1

	1
	15
	5
	1x1
	5.35
	5.35

	2
	15
	5
	1x2
	-1.43
	-1.85

	3
	30
	10
	1x1
	6.85
	6.84

	4
	30
	10
	1x2
	-0.61
	-1.06



Conclusion
This contribution discusses aspects related to NTN SAN demodulation requirements and has the following proposal and observations:
Observation 1: For format 0, the ACK missed detection probability (%) is deteriorated when the Rx antenna equals 1.
Observation 2: For format 2, the block probability (%) is deteriorated when the Rx antenna equals 1.
Observation 3: For PUCCH format 3, when the number of Rx antenna equals 1, the performance, i.e., BLER, is only slightly different with or without additional DMRS. When the number of Rx antenna equals 2, the BLER of the case with additional DMRS is better than that as compared to the case without additional DMRS.
Proposal 1:  Take results shown in this document into account when defining requirements for NTN demodulation
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