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Introduction
In RAN1#114 meeting, the evaluation methodologies and evaluation configurations for the link budget template were discussed, and the following agreements were made [1][2].
Proposal 2.1: RAN1 to provide link budgets for the following test environments:
· Rural-eMBB-s (NR NTN)
· Rural-mMTC-s (NR NTN, NB-IoT NTN, eMTC NTN)
· Rural-HRC-s (NR NTN, FFS: NB-IoT NTN, eMTC NTN)
Proposal 3.1: The following parameters are taken as baseline for the link budget template.
· Values in square brackets to be resolved during RAN1#114b based on simulation results provided by companies (to match the link budget at 30 degree elevation angle)
· NR NTN Rural eMBB-s:
	
	PDSCH
	PDCCH
	PUSCH
	PUCCH

	Company
	TBS
	BW
	#reps
	Target BLER
	#bits
	BW
	Target BLER
	TBS
	BW
	#reps
	Target BLER
	#bits
	BW 
	#reps
	Target BLER

	Moderator
	[1731]
	[9.36
MHz]
	1
	10%
	40
	48 PRBs, AL 16
	1%
	[184]
	[1PRB]
	[20 slots]
	10%
	1
	1PRB
	[8]
	1% DTX to ACK and ACK missed detection, 0.1% NACK to ACK



· NR NTN Rural HRC-s:
	
	PDSCH
	PDCCH
	PUSCH
	PUCCH

	Company
	TBS
	BW
	#reps
	Target BLER
	#bits
	BW
	Target BLER
	TBS
	BW
	#reps
	Target BLER
	#bits
	BW 
	#reps
	Target BLER

	Moderator
	[256]
	[1.44MHz]
	[4]
	0.1%
	40
	48 PRBs, AL 16
	0.1%
	256
	1PRB
	[32slots]
	0.1%
	1
	1PRB
	[8]
	1% DTX to ACK and ACK missed detection, 0.1% NACK to ACK



· NR NTN Rural mMTC-s:
	
	PDSCH
	PDCCH
	PUSCH
	PUCCH

	Company
	TBS
	BW
	#reps
	Target BLER
	#bits
	BW
	Target BLER
	TBS
	BW
	#reps
	Target BLER
	#bits
	BW 
	#reps
	Target BLER

	Moderator
	[184]
	TBD
	1
	10%
	40
	48 PRBs, AL 16
	1%
	[256]
	1PRB
	[20]
	10%
	1
	1PRB
	[8]
	1% DTX to ACK and ACK missed detection, 0.1% NACK to ACK



· eMTC NTN Rural mMTC-s:
	
	PDSCH
	MPDCCH
	PUSCH
	PUCCH

	Company
	TBS
	BW
	#reps
	Target BLER
	#bits
	BW
	#reps
	Target BLER
	TBS
	BW
	#reps
	Target BLER
	#bits
	BW 
	#reps
	Target BLER

	Moderator
	256
	6PRBs
	[32]
	1%
	15
	6PRBs
	[4]
	1%
	256
	1PRB
	[256]
	10%
	1
	1PRB
	[32]
	1% DTX to ACK and ACK missed detection, 0.1% NACK to ACK



· NB-IoT NTN Rural mMTC-s:
	
	NPDSCH
	NPDCCH
	NPUSCH fmt1
	NPUSCH fmt2

	Company
	TBS
	BW
	#reps
	Target BLER
	#bits
	BW
	#reps
	Target BLER
	TBS
	BW
	#reps
	Target BLER
	#bits
	BW 
	#reps
	Target BLER

	Moderator
	256
	180kHz
	[8]
	10%
	23
	180kHz
	[32]
	1%
	256
	15kHz
	[32]
	10%
	1
	15kHz
	[64ms (Nrep=32)]
	1% DTX to ACK and ACK missed detection, 0.1% NACK to ACK



In this contribution, remaining issues for evaluation configurations and evaluation results for the link budget template are discussed.
Discussion on link budget evaluation methodology
According to Section 6.1.3 of TR 38.821[3], the link budget calculations including CIR, and the results contributed by the companies are available in [4]. In addition to TR 38.821, the link budget templates for 3GPP 5G SRIT/NR RIT [5] also takes receiver interference density into account. Therefore the link budget template for NTN should include receiver interference.
As the parameter configurations for link budget analysis in Table 6.1.3.2-1 of TR 38.821[3] are similar to the simulation assumptions for NTN self-evaluation (i.e., carrier frequency, channel model, satellite and UE configurations, topology and target elevation angle are the same), the CIR results in [4] can be reused to reduce the simulation workload.
The following formula is used for calculating the average interference to noise ratio (INR) across results from 9 companies for FRF3, downlink and uplink, respectively. Then the INR values for FRF3 DL and FRF3 UL are -4.4 dB and -7.6 dB, respectively. 

The excel document Link_budget_template_NTN.xlsx captures the link budget analysis results for NR NTN and NB-IoT NTN, respectively.
In the link budget template, the hardware link budget is calculating with the following formula whichtaks INR into account, where RIM [dB] is the receiver implementation margin.

Based on above discussion, the following proposal is made.
Proposal 1: Receiver interference should be included in the link budget template for NTN, and in order to reduce the simulation workload, the average INR results from TR 38.821 should be reused, and the values are:
· -4.4 dB for FRF3 DL, 
· -7.6 dB for FRF3 UL

Discussion on link budget configurations
NR NTN Rural eMBB-s
For PDSCH, the number of repetition and target BLER were agreed to be 1 and 10%, respectively. If baseline parameters of TBS with 1731 and bandwidth with 9.36 MHz are used in LLS to get required SNR, the coverage margin becomes a negative value for FRF=3. When selecting TBS of 256 and bandwidth of 9.36 MHz, the coverage margin becomes a positive value for FRF=3.
For PUSCH, the target BLER was agreed to be 10%. In order to aligned with PDSCH, the same TBS is used for PUSCH, i.e., 256 bits. If baseline parameters bandwidth with 180 kHz (1 PRB) and number of repetition with 20 slot are used in LLS to get required SNR, the coverage margin is a positive value for FRF=3.
The configurations for NR NTN Rural eMBB-s are list in Table 1.
[bookmark: _Ref146546598]Table 1: Configurations for NR NTN Rural eMBB-s
	
	PDSCH
	PUSCH

	Parameters
	TBS
	BW
	#reps
	Target BLER
	TBS
	BW
	#reps
	Target BLER

	Values
	256
	9.36 MHz
	1
	10%
	256
	180 kHz
	20
	10%



The excel document Link budget template NTN.xlsx captures these results for FRF=3 and PDSCH/PUSCH of NR NTN Rural eMBB-s.
Based on above discussion, the following proposals are made:
[bookmark: _Hlk146038714]Proposal 2: For link budget simulation of NR NTN Rural eMBB-s PDSCH, TBS of 256 and simulation bandwidth of 9.36 MHz are used.
Proposal 3: For link budget simulation of NR NTN Rural eMBB-s PUSCH, TBS of 256, simulation bandwidth of 180 kHz (1PRB) and 20 repetitions are used.

NR NTN Rural HRC-s
For PDSCH, the target BLER was agreed to be 0.1%. If baseline parameters of TBS 256, 1.44 MHz bandwidth and 4 repetitions are used in LLS to get required SNR, the coverage margin becomes a negative value for FRF=3. When selecting 9.36 MHz bandwidth and 8 repetition, the coverage margin becomes a positive value for FRF=3.
For PUSCH, the TBS, bandwidth and target BLER were agreed to be 256, 1 PRB (180 kHz) and 0.1%, respectively. If the baseline parameter of 32 repetition is used in LLS to get required SNR, the coverage margin is a negative value for FRF=3. As the maximum repetition number of PUSCH is 32 and repetition number cannot be increased further, we suggest maximum 4 HARQ transmissions can be used to decrease the required SNR. Then HARQ and 16 repetition are used for PUSCH simulation, the coverage margin becomes a positive value for FRF=3.
The configurations for NR NTN Rural HRC-s are list in Table 2.
[bookmark: _Ref146546809]Table 2: Configurations for NR NTN Rural HRC-s
	
	PDSCH
	PUSCH

	Parameters
	TBS
	BW
	#reps
	Target BLER
	TBS
	BW
	#reps
	Target BLER

	Values
	256
	9.36 MHz
	8
	0.1%
	256
	180 kHz
	16 reps, and HARQ enabled
	0.1%



The excel document Link budget template NTN.xlsx captures these results for PDSCH and PUSCH of NR NTN Rural HRC-s.
Based on above discussion, the following proposals are made.
Proposal 4: For link budget simulation of NR NTN Rural HRC-s PDSCH, TBS of 256, simulation bandwidth of 9.36 MHz and 8 repetition are used.
Proposal 5: For link budget simulation of NR NTN Rural HRC-s PUSCH, 16 repetition and HARQ enabled are used.

NR NTN Rural mMTC-s
For PDSCH, the number of repetition and target BLER were agreed to be 1 and 10%, respectively. As the TBS used for connection density evaluation is 256 bits, the same TBS is used for link budget analysis. When selecting 256 TBS and 9.36 MHz bandwidth in LLS to get required SNR, the coverage margin is a positive value for FRF=3.
For PUSCH, the bandwidth and target BLER were agreed to be 1 PRB and 0.1%, respectively. If baseline parameters of TBS 256 and 20 repetition are used in LLS to get required SNR, the coverage margin is a positive value for FRF=3.
The configurations for NR NTN Rural mMTC-s are list in Table 3.
[bookmark: _Ref146547471]Table 3: Configurations for NR NTN Rural mMTC-s
	
	PDSCH
	PUSCH

	Parameters
	TBS
	BW
	#reps
	Target BLER
	TBS
	BW
	#reps
	Target BLER

	Values
	256
	9.36 MHz
	1
	10%
	256
	180 kHz
	20
	10%



The excel document Link budget template NTN.xlsx captures these results for PDSCH and PUSCH of NR NTN Rural mMTC-s.
Based on above discussion, the following proposals are made.
Proposal 6: For link budget simulation of NR NTN Rural mMTC-s PDSCH, TBS of 256 and simulation bandwidth of 9.36 MHz are used.
Proposal 7: For link budget simulation of NR NTN Rural mMTC-s PUSCH, TBS of 256 and 20 repetitions are used.

NB-IoT NTN Rural mMTC-s
For NPDSCH, the TBS, bandwidth and target BLER were agreed to be 256, 180 kHz and 10%, respectively. When using the baseline parameter of 8 repetition, the coverage margin is a positive value for FRF=3. 
For NPUSCH format 1, the TBS, bandwidth and target BLER were agreed to be 256, 15 kHz and 10%, respectively. When using 8 repetitions and 4 resource units per TB, the coverage margin is a positive value for FRF=3.
The configurations for NB-IoT NTN Rural mMTC-s are list in Table 4.
[bookmark: _Ref146549018]Table 4: Configurations for NB-IoT NTN Rural mMTC-s
	
	NPDSCH
	NPUSCH format 1

	Parameters
	TBS
	BW
	#reps
	Target BLER
	TBS
	BW
	#reps
	Target BLER

	Values
	256
	180 kHz
	8 reps, 10 subframes for NPDSCH
	10%
	256
	15 kHz
	8 reps, 4 RUs (8 subframes per RU)
	10%



The excel document Link budget template NTN.xlsx captures these results for PDSCH and PUSCH of NB-IoT NTN Rural mMTC-s.
Based on above discussion, the following proposals are made.
Proposal 8: For link budget simulation of NB-IoT NTN Rural mMTC-s NPDSCH, 8 repetition and 10 subframes for NPDSCH are used.
Proposal 9: For link budget simulation of NB-IoT NTN Rural mMTC-s NPUSCH format 1, 8 repetitions and 4 RUs per TB are used.

Conclusions
This contribution provides our considerations on configurations and simulation results for link budget, and our proposals are as follows:
Proposal 1: Receiver interference should be included in the link budget template for NTN, and in order to reduce the simulation workload, the average INR results from TR 38.821 should be reused, and the values are:
· -4.4 dB for FRF3 DL, 
· -7.6 dB for FRF3 UL
Proposal 2: For link budget simulation of NR NTN Rural eMBB-s PDSCH, TBS of 256 and simulation bandwidth of 9.36 MHz are used.
Proposal 3: For link budget simulation of NR NTN Rural eMBB-s PUSCH, TBS of 256, simulation bandwidth of 180 kHz (1PRB) and 20 repetitions are used.
Proposal 4: For link budget simulation of NR NTN Rural HRC-s PDSCH, TBS of 256, simulation bandwidth of 9.36 MHz and 8 repetition are used.
Proposal 5: For link budget simulation of NR NTN Rural HRC-s PUSCH, 16 repetition and HARQ enabled are used.
Proposal 6: For link budget simulation of NR NTN Rural mMTC-s PDSCH, TBS of 256 and simulation bandwidth of 9.36 MHz are used.
Proposal 7: For link budget simulation of NR NTN Rural mMTC-s PUSCH, TBS of 256 and 20 repetitions are used.
Proposal 8: For link budget simulation of NB-IoT NTN Rural mMTC-s NPDSCH, 8 repetition and 10 subframes for NPDSCH are used.
Proposal 9: For link budget simulation of NB-IoT NTN Rural mMTC-s NPUSCH format 1, 8 repetitions and 4 RUs per TB are used.
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