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1. [bookmark: _Ref18181]Introduction
In RAN1#113 meeting, assumptions for analytical assessment and simulation have been discussed. And the proposals and conclusions in Section 1 of [1] are endorsed. In this contribution, the remaining issues for the evaluation methodologies used in eMBB-s, mMTC-s and HRC-s based on the NR-NTN and mMTC-s based on IoT-NTN are discussed.
1. [bookmark: _Ref54269283]Discussion on evaluation methodology
1.1 Peak data rate and peak spectral efficiency
As summarized in [1], the analytical results provided by different companies in RAN1#113 meeting all meet the ITU requirements. The difference between the results is quite small due to slightly different assumptions (number of DMRS, overhead and bandwidth).
One remaining issue is how to account for the additional overhead not directly related to the PDSCH / PUSCH. For DL, the additional overhead not directly related to the PDSCH includes SSB, PDCCH, CSI-RS and TRS. For UL, the additional overhead not directly related to the PUSCH includes PUCCH and SRS. Since the configurations of these physical channels and physical RSs depend on implementation in a practical network deployment, it is better to follow current recommended value in TS 38.306 [2] for calibration among companies. 
To be more specific, the recommended values used for DL and UL max data rate supported by the UE in TS 38.306 [2] are provided as: 0.14 for FR1 for DL, and 0.08 for FR1 for UL.
Proposal 1: For the purpose of calibration, the recommended overhead values in 38.306 [2] can be used to align the evaluation results among companies.
1.2 Spectral efficiency
For user experienced data rate, 5th percentile spectral efficiency, average spectral efficiency, and area traffic capacity evaluation, SLS with full-buffer traffic model is performed. The simulation assumptions for all these fours metrics are the same, which basically follow the agreements in [3] as listed in Table A. 1. Some parameters in Table A. 1 are yellow highlighted, which are still pending or not discussed according to RAN1#113 discussion. As for RTT, it’s calculated by the delay on service link and feeder link. The minimum elevation angle of the feeder link is assumed to be 10 degree, which results in a one-way delay of 6.44 ms. And one way delay of the service link is calculated based on the position of UEs, which varies from 2 ms(at the nadir point) to 2.23 ms (at the edge of the 7th tier when FRF=3). Thus, the total one-way delay varies from 8.44 ms to 8.67 ms, and RTT varies from 16.88 ms to 17.34 ms. Considering the length of one slot is 1 ms, the HARQ process number can be set as 32.
Considering the frequency resource limit that total bandwidth may not be larger than 30 MHz, we can only get 10 MHz for each beam when FRF=3. It is insufficient to meet the data rate requirement of ITU according to our results shown in [5]. One effective way to achieve the required data rate is to add polarization in resource reuse scheme, e.g., RHCP/LHCP with two 15MHz frequency bands, which results in a reuse factor of 4. For each beam, 15MHz bandwidth is available to provide higher data rate.

The TRxP density calculation for area traffic capacity should be clarified. Under the assumption of central beam elevation (90 degrees) and satellite orbit (600 km), the maximum distance of 19 beams from one side to another side  in the UV plane is calculated as 4*ABS+HPBW, which correspond to an emitting angle of 19.7 degrees, and the central angle of the maximum arc of the footprint of the inner 19 beams is calculated as 1.9 degrees, and the ratio of arc to chord is about 1.01, which means the footprint of the inner 19 beams can be approximately considered as plane.  Considering the footprint of one beam is a circle and beams overlap with each other (as shown in Figure 1), the valid area of one beam is the inscribed hexagon of the circle, and the area of each beam is approximately equal to each other, thus we can calculate the area of each beam by equation , where D is given as 50 km according to Table 6.1.1.1-1 in 38.811. The area of one beam is 1623.8 km2 and the area of 19 beams is 30852.2 km2.
[image: ]
[bookmark: _Ref9385]Figure 1 Footprint of the inner 19 beams
Proposal 2: A minimum 10 degree elevation angle can be considered for feeder link.
Proposal 3: Frequency reuse factor = 4 with combination of Polarization and frequency can also be considered for evaluation.

Proposal 4: The area of each beam can be calculated as .
1.3 Connection density
In [3], the following proposals are agreed and further discussion is needed for the issue on how to compute the area for connection density.
	Agreements
Proposal 5.1: For connection density evaluation, non-full buffer and full-buffer evaluations (as described in M.2412) are allowed.
Proposal 5.2: For computing the area for connection density, RAN1 to discuss whether to consider:
· Only the central beam
· All the beams
Proposal 5.3: For SLS to LLS metric, use “pre-processing SNR” as described in TR 37.910.



To calculate the connection density, the number of TRxP and corresponding area should be considered firstly. Based on full-buffer system-level simulation, the SNR used in LLS evaluation can be determined by the statistical SINR distribution over users of SLS under inner 19 beams. On the other hand, the footprint of the inner 19 beams can be approximately considered as plane and the area of each beam is almost the same as mentioned in section 2.2. Thus, the area of all the 19 beams is approximately equal to 19 times of the area of one beam which is calculated as , where D is given as 50 km according to Table 6.1.1.1-1 in 38.811.
 In RAN1#112bis-e, it has been agreed to use “pre-processing SNR” for SLS to LLS metric. In TR 37.910, however, “pre-processing SINR” is used for NR evaluation. This misalignment on the metric should be clarified. In our opinion, it is preferred to use “pre-processing SINR” instead of “pre-processing SNR” to consider the interference from adjacent beams.
In the last two meetings, the initial LLS parameters for connection density have been agreed as shown in Table 1 with the parameter to be reported, i.e., TBS. In our view, the parameter can be set as highlighted by yellow in Table 1. For the determination of TBS in NR, since 256 is assumed for NB-IoT, 168 bits would be the maximum value closest to 256 bits, which is limited by simulation bandwidth of 180kHz even if the maximum code rate is used with QPSK modulation. To be noted, with the TBS fixed, the MCSs for all UEs are also fixed, thus the BLER for UEs under different SINR would be different.
[bookmark: _Ref134775365]Table 1 LLS parameters for connection density with additional parameters (marked in yellow)
	
	NR
	NB-IoT

	Physical channel
	PUSCH
	NPUSCH

	Simulation bandwidth
	180 kHz
	Single tone

	Subcarrier spacing
	15 kHz
	15 kHz

	Number of users in simulation
	1
	1

	Link-level Channel model
	NTN TDL-C Rural
	NTN TDL-C Rural

	Antenna configuration at Satellite
	1Rx
	1Rx

	Antenna configuration at UE
	1Tx
	1Tx

	Transmission mode
	SISO
	SISO

	Transmission rank
	1
	1

	TBS
	168
	256

	Modulation order
	QPSK
	BPSK-π/2,QPSK-π/4

	Number of Resource units
	\
	2,3,4,5,6,8,10

	Number of repetition
	1,2,4,8
	1,2,4,8,16

	Channel estimation
	LMMSE
	LMMSE

	Channel coding scheme
	LPDC
	Turbo code

	Doppler spread
	5Hz
	5Hz

	UL DMRS config
	2 DMRS per slot
	As per TS 36.211 (1 DMRS per slot)


Proposal 5: All the beams are considered for computing the area of connection density.
Proposal 6: For SLS to LLS metric of connection density, “pre-processing SINR” should be used instead of “pre-processing SNR”.
1.4 Reliability
In [3], the evaluation methodology of reliability is agreed to follow the Proposals 6.1.
	Agreements
Proposal 6.1: For reliability evaluations, RAN1 to use “SLS followed by LLS”, using the same SLS simulation assumptions as in “average spectral efficiency”, and using pre-processing SINR as the SLS to LLS metric 
· FFS: Whether and how interruptions (e.g. due to IDC or measurements) are taken into account in the reliability evaluations.


The initial LLS parameters for reliability were agreed as shown in Table 2 with some parameters to be reported, i.e., bandwidth, MCS, and repetition number. In our view, the parameters can be set as highlighted by yellow in Table 2.  For bandwidth, at least 2 PRB, i.e., 0.36MHz with SCS=15kHz, is assumed to ensure that QPSK modulation can be achieved with TBS=256. To obtain satisfactory channel coding performance, we assume that the simulation bandwidths are 8 PRBs for PUSCH transmission and 40 PRBs for PDSCH transmission. For repetition number, 8 is assumed to achieve good decoding performance. Note that the MCS index table 3 is considered which is designed for high reliability scenario. In [4], Step 3 for Reliability suggests that the residual packet error ratio should be considered within a maximum delay time, but no exact value is provided. For URLLC of terrestrial network, the maximum delay time is assumed to be 1 ms, but for HRC-s there is no requirement for low latency, thus the maximum delay time can be much longer because of the large RTT. Considering the minimum elevation angle is 10 degree for both service link and feeder link, the maximum RTT is 25.76 ms, and we suggest to set repetition number as 8 with a 15 kHz SCS to ensure the high reliability of transmission, thus the maximum delay time should be larger than 33.76 ms. Consequently, 34 ms can be considered as the starting point for the discussion of the maximum delay time.
[bookmark: _Ref134778067]Table 2 Reliability simulation parameter for PUSCH and PDSCH with additional parameters (marked in yellow)
	NR Uplink/Downlink
	Value 
	Value 

	Physical channel
	PUSCH
	PDSCH

	Carrier frequency
	2 GHz
	2GHz

	Subcarrier spacing
	15kHz
	15kHz

	Simulation bandwidth
	 PRB: 8
	PRB: 40

	MCS
	MCS index table 3 for PDSCH
MCS: 7
	MCS index table 3 for PDSCH
MCS: 0

	Number of users in simulation
	1
	1

	Link-level Channel model
	NTN TDL-C Rural
	NTN TDL-C Rural

	Antenna configuration at Satellite
	1Rx
	1Tx

	Antenna configuration at UE
	1Tx
	1Rx

	Transmission mode
	SISO
	SISO

	Transmission rank
	1
	1

	TBS
	256
	256

	Modulation order
	QPSK
	QPSK

	Number of repetition
	8
	8

	Waveform 
	DFT-s-OFDM
	OFDM

	Channel estimation
	LMMSE
	LMMSE

	Channel coding scheme
	LDPC
	LDPC

	Doppler spread
	5Hz
	5Hz

	UL DMRS config
	2 DMRS per slot
	Type 1, 2 symbol DMRS


Proposal 7: The maximum delay time should be discussed, 34 ms can be the starting point for discussion.
1.5 Others
In RAN1#113, it is suggested that RAN1 should discuss the impact of simulating earth moving cell / earth fixed cell, impacts of feeder link switch, and assumptions on gateway density.
For performance evaluation in RAN1, no matter earth moving cell or earth fixed cell is used, the basic simulation settings, e.g., link budget, latency, are determined by the agreed minimum elevation angle. Therefore, the cell type does not impact the RAN1 evaluation.
In current NTN specifications, only transparent payload is considered. In this case, the feeder link switching is implementation based. The basic assumption in RAN1 simulation is an ideal feeder link connection, which can be reused in current self-evaluation. 
From the viewpoint of RAN1, the gateway density impacts the elevation angle of the feeder link. However, the basic simulation settings, e.g., link budget, latency, are determined by the agreed minimum elevation angle. Therefore, the gateway density does not impact the RAN1 evaluation.
In summary, the baseline scenario can be earth moving cell using a single NTN gateway without feeder link switching involved.
Proposal 8: The baseline scenario can be earth moving cell using a single NTN gateway without feeder link switching involved.
1. Conclusions
In this contribution, the evaluation including analytical study and simulations are presented with following observation and proposals:
Proposal 1: For the purpose of calibration, the recommended overhead values in 38.306 [2] can be used to align the evaluation results among companies.
Proposal 2: A minimum 10 degree elevation angle can be considered for feeder link.
Proposal 3: Frequency reuse factor = 4 with combination of Polarization and frequency can also be considered for evaluation.

Proposal 4:  The area of each beam can be calculated as 
[bookmark: _GoBack]Proposal 5: All the beams are considered for computing the area of connection density.
Proposal 6: For SLS to LLS metric of connection density, “pre-processing SINR” should be used instead of “pre-processing SNR”.
Proposal 7: The maximum delay time should be discussed, 34 ms can be the starting point for discussion.
Proposal 8: The baseline scenario can be earth moving cell using a single NTN gateway without feeder link switching involved.
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[bookmark: _Ref18081]Table A. 1  Parameter assumption for system-level simulation with additional parameters (marked in yellow)
	Satellite orbit
	LEO-600

	Satellite altitude
	600 km

	Satellite antenna pattern
	Section 6.4.1 in 38.821

	Satellite antenna polarization
	Circle 

	Satellite antenna number
	1 Tx / 1 Rx per beam

	3 dB beam width
	4.41 degrees

	Satellite EIRP density
	34 dBW/MHz

	Satellite antenna gain
	30 dBi

	Satellite G/T
	1.1 dB/K

	Central beam center elevation
	90 deg

	UE antenna type
	Handheld, (1,1,2) with omni-directional antenna element

	UE antenna polarization
	Linear: +/- 45deg X-pol

	UE Rx Antenna gain 
	0 dBi

	UE antenna temperature
	290 K

	UE noise figure
	7 dB

	FRF
	3 or 4 (with 2 polarization reuse and 2 frequency reuse)

	Carrier frequency
	2 GHz

	SCS
	15 kHz

	Channel bandwidth
	30 MHz

	Scenario
	Rural-eMBB-s

	UE deployment
	100% outdoor and uniformly distributed over the area

	LOS condition
	100% LOS

	Spot beam pattern and frequency reuse factor
	Hexagonal pattern, 19 inner beams,
Total beams: 61 beams for FRF=1,
            127 beams for FRF=3 and FRF=4.

	UE density
	10 UEs per beam

	UE mobility 
	0 (Stationary)

	Satellite mobility
	0
 (Doppler spread is assumed to be compensated)

	Large scale channel model
	 large scale model of Section 6.6 in 38.811 

	Small scale channel model
	Frequency selective fading model of Section 6.7.2 in 38.811 

	Handover margin
	0dB


	UE attachment
	RSRP

	Traffic model
	Full-buffer

	Scheduling scheme
	PF and SU-MIMO

	Receiver type
	MMSE-IRC

	Channel estimation
	Realistic

	CQI feedback
	20 ms periodicity

	Frequency offset
	0ppm

	Frequency drift
	0ppm

	DL CSI measurement
	CQI only (1 layer / 1-port CSI-RS)

	PRB bundling
	wideband

	Codeword (CW)
	SCW

	Transmission scheme
	One layer

	Round trip time (RTT)
	16.88~17.34 ms

	Number of HARQ processes
	32 (Up to 32)

	HARQ-ACK delay
	N+4 (N=1 is assumed)

	Retransmission delay
	N+8+RTT (N=1 is assumed)

	Frame structure
	FDD

	Overhead
	DL: 0.14 (same as for peak data rate calculation)
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