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1. [bookmark: _Ref298777854]Introduction
This contribution presents the performance of three different channel coding schemes under study in RAN1 for the New Radio (NR) access technology over satellite links. The main purpose of this contribution is to study the forward compatibility of the proposed channel coding schemes with satellite links as part of the Phase II design. 

1. Discussion

R1-1609781 addressed the issue of forward compatibility that needs to be considered during the Phase I design of the NR access technology [1]. This contribution focuses on the forward compatibility of the channel coding schemes under study for NR when applied to the satellite links. 
RAN1 is studying different channel coding schemes (Turbo code, LDPC code and Polar code) for the NR access technology. In the RAN1 #86bis meeting, it was agreed that “the channel coding scheme for eMBB data is LDPC, at least for information block size larger than a threshold (that is TBD)”. RAN1 is still studying the appropriate channel coding schemes for other services, i.e., mMTC, URLLC, and shorter information lengths for eMBB . This contribution discusses the forward compatibility of these three channel coding schemes as it applies to satellite links. 


Channel Coding Schemes Proposed for NR
R1-167565 [2] performed simulations and evaluated the performance of Turbo code, LDPC code and Polar code with different list size in terms of Block Error Rate (BLER) vs. SNR. In the simulations performed [2], Turbo codes use the max-log-MAP decoding algorithm with the maximum number of iterations as 8, LDPC codes use the sum-product decoding algorithm with the maximum number of iterations as 20, and Polar codes use the CRC-aided successive cancellation list decoding algorithm with list size of 1, 4 or 32. The coding rates of 1/3, 1/6 and 1/12 were considered in the simulations in [2].
Table 1 presents the required SNR for 1% and 10% BLER for Turbo code, LDPC code and Polar code with list size of 1, 4 or 32, for information block length of 170 bits and QPSK modulation [2].
Table 1: The minimum SNR required for Turbo, LDPC, and Polar codes to achieve the target BLER (unit: dB) – information block length of 170 bits and QPSK modulation

	Code Rate
	BLER
	QPSK

	
	
	Turbo
	LDPC
	Polar-1
	Polar-4
	Polar-32

	1/3
	1e-1
	-0.5
	-0.2
	0.2
	-0.7
	-1.2

	
	1e-2
	-0.1
	0.5
	0.8
	-0.1
	-0.4

	1/6
	1e-1
	-3.5
	-2.9
	-3.4
	-4.3
	-4.6

	
	1e-2
	-2.9
	-2.3
	-2.5
	-3.5
	-3.8

	1/12
	1e-1
	-6.5
	-5.9
	-6.5
	-7.3
	-7.7

	
	1e-2
	-6.0
	-5.3
	-5.7
	-6.7
	-7



Performance of the Channel Coding Schemes on the Satellite Link

This section uses link budget analysis to show the performance of each of these channel coding schemes when applied to satellite access links. Turbo code, LDPC code, and Polar code with code rates of 1/3, 1/6 and 1/12 are considered as potential channel coding schemes and the link margin is used as the performance measure. 
Four Satellite UE types are considered for the analysis, identified by ETSI TS 101 376 [3] as: handheld (0x29 and 0x15), vehicular (0x1F) and fixed or transportable (0x24) with maximum e.i.r.p levels of -6.3 dBW, 0.0 dBW, 5.0 dBW, and 13.0 dBW [3]. 
First, this section presents an example link budget analysis for the 0x15 UE with the three different channel coding schemes and with a code rate of 1/3 over a GEO satellite operating on the S-Band (2 GHz) [3]. This example link budget analysis is presented in Table 2 and the link margins for all the channel coding schemes for comparison purpose. 



Table 2: Link budget for the 0x15 UE with code rate 1/3
	Item
	Downlink
	Uplink

	System configuration

	Carrier frequency (GHz)
	2
	2

	Basic carrier bandwidth (kHz)
	180
	180

	Distance between UE and satellite (km)
	37 778
	37 778

	UE antenna heights (m)
	1.5
	1.5

	Information block length
	170 bits
	170 bits

	Target BLER for the required SNR for data channel
	1%
	1%

	Required SNR for data channel (Turbo)
	-0.1
	-0.1

	Required SNR for data channel (LDPC)
	0.5
	0.5

	Required SNR for data channel (Polar-1)
	0.8
	0.8

	Required SNR for data channel (Polar-4)
	-0.1
	-0.1

	Required SNR for data channel (Polar-32)
	-0.4
	-0.4

	Path loss model
	LoS
	LoS

	Cell edge loss (dB)
	3
	3

	Transmitter

	(1) Number of transmit antennas. 
	1
	1

	(2) Transmit power (dBW) per 180 kHz
	10
	0

	(3) Transmitter antenna gain (dBi)
	46
	0

	(5) Data channel e.i.r.p. = (2) + (3) dBW
	56
	0

	Receiver

	(6) Number of receive antennas
	1
	1

	(7) System noise temperature (K)
	290
	450

	(8) G/T (dB/K)
	-29
	18.4

	Path loss

	(9) Path loss for LoS (dB)
	190.43
	190.01

	(10) Fading margin for data channel (dB)
	2.5
	2.5

	Link Margin

	(11) Data channel SNR = (5)  – (9) – (10) – 10log10(180000 x  Boltzmann’s constant x Temp) –  Cell edge loss (dB)
	11.5
	0.5

	(12) Link margin (Turbo) = (11) – Required SNR (dB)
	11.6
	0.6

	(12) Link margin (LDPC) = (11) – Required SNR (dB)
	11
	0

	(12) Link margin (Polar-1) = (11) – Required SNR (dB)
	10.7
	-0.3

	(12) Link margin (Polar-4) = (11) – Required SNR (dB)
	11.6
	0.6

	(12) Link margin (Polar-32) = (11) – Required SNR (dB)
	11.9
	0.9



Additionally, we present the link margin for the above defined UE power classes for these three channel coding schemes with different coding rates (the information block length of 170 bits and QPSK modulation).
Table 3: The link margin for turbo, LDPC, and polar codes for coding rates 0f 1/3, 1/6, 1/12 to achieve the target 1% BLER (unit: dB) for the UE type ID 1xF over DL satellite link

	Code Rate
	Turbo
	LDPC
	Polar-1
	Polar-4
	Polar-32

	1/3
	11.6
	11
	10.75
	11.6
	11.9

	1/6
	14.45
	13.8
	14
	15
	15.3

	1/12
	17.55
	16.8
	15.7
	18.2
	18.5




Table 4: The link margin for turbo, LDPC, and polar codes for coding rates of 1/3, 1/6, 1/12 to achieve the target 1% BLER (unit: dB) for UE type ID 1xF over UL satellite link

	Code Rate
	Turbo
	LDPC
	Polar-1
	Polar-4
	Polar-32

	1/3
	5.6
	5.0
	4.7
	5.6
	5.9

	1/6
	8.4
	7.8
	8.0
	9.0
	9.3

	1/12
	11.5
	10.8
	11.2
	12.2
	12.5




Table 5: The link margin for turbo, LDPC, and polar codes for coding rates of 1/3, 1/6, 1/12 to achieve the target 1% BLER (unit: dB) for UE type ID 1x15 over UL satellite link

	Code Rate
	Turbo
	LDPC
	Polar-1
	Polar-4
	Polar-32

	1/3
	0.6
	0.0
	-0.3
	0.6
	0.9

	1/6
	3.4
	2.8
	3.0
	4.0
	4.3

	1/12
	6.5
	5.8
	6.2
	7.2
	7.5




Table 6: The link margin for turbo, LDPC, and polar codes for coding rates of 1/3, 1/6, 1/12 to achieve the target 1% BLER (unit: dB) for UE type ID 1x29 over UL satellite link

	Code Rate
	Turbo
	LDPC
	Polar-1
	Polar-4
	Polar-32

	1/3
	-5.7
	-6.3
	-6.6
	-5.7
	-5.4

	1/6
	-2.9
	-3.5
	-2.3
	-2.3
	-2.0

	1/12
	0.2
	-0.5
	-0.1
	0.9
	1.2



Table 7: The link margin for turbo, LDPC, and polar codes for coding rates of 1/3, 1/6, 1/12 to achieve the target 1% BLER (unit: dB) for UE type ID 0x24 over UL satellite link

	Code Rate
	Turbo
	LDPC
	Polar-1
	Polar-4
	Polar-32

	1/3
	13.6
	13.0
	12.7
	13.6
	13.9

	1/6
	16.4
	15.8
	16.0
	17.0
	17.3

	1/12
	19.5
	18.8
	19.2
	20.2
	20.5



These link budget examples show the performance of different channel coding schemes under study in RAN1 for NR over a GEO satellite operating over S-Band. 

1. Summary
This contribution presents a few examples to show how the three channel coding schemes (Turbo code, LDPC code, and Polar code) that 3GPP RAN1 is studying for the NR access technology performs over satellite links. 
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