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1
Introduction
Link-level simulation parameters were agreed in [1] and updated in [2] and [3]. A reference scheme with OMA single user is agreed to be used for the calibration purpose of LLS, with the assumptions listed in Error! Reference source not found.. 
Agreements:

· For calibration purpose, the link-level evaluation assumptions are given below: 

	Implementation assumptions
	Values

	LDPC decoding algorithm
(e.g. MaxLogMAP or LogMAP, fully parallel or row parallel)
	Companies to report

	Number of LDPC decoding iteration
	Companies to report (e.g., 50 for flooding, 25 for layered)

	Modulation for 10/20 bytes
	QPSK

	Modulation for 75/150 bytes
	QPSK

	Channel Estimation
	Ideal

	Channel Model
	AWGN, TDL-A with 30ns (3km/h), TDL-C with 300ns (3km/h), no spatial correlation

Initialize channel realization at each slot

	Total number of slots
	1000 for eMBB/mMTC AWGN

10000 for eMBB/mMTC fading channel

[50000] for URLLC AWGN

[100000] for URLLC fading channel

	System bandwidth
	10 MHz


An email discussion was conducted for the calibration of the reference OMA single user scheme, in order to align the simulation platform and some of the implementation parameters. 
2
Calibration results

The full set of simulation assumptions can be found in Table A2.
The calibration results collected through the email discussion can be found in the companion spreadsheets. 

	Additional assumptions
	ZTE
	Hughes
	Samsung
	NTT DOCOMO
	LGE
	KDDI
	OPPO
	IDC
	Huawei
	Intel

	Number of LDPC decoding iteration
	25
	50
	50
	50
	50
	25
	50
	50
	20
	25

	LDPC decoding algorithm
	min_sum, layered
	log map,
Standard belief
	min_sum,
flooding
	BP,
flooding
	BP, flooding
	min_sum, layered
	BP, flooding
	BP,
flooding
	offset_min_sum, layered
	offset_min_sum(offset=0.5) layered

	Additional assumptions
	Nokia
	CATR
	vivo
	CATT
	Qualcomm
	CMCC
	Ericsson
	ETRI
	NICT
	Sony

	Number of LDPC decoding iteration
	50
	50
	50
	50
	50
	50
	25
	50
	50
	50

	LDPC decoding algorithm
	BP, 
flooding
	logBP
	offset

min_sum, 

layered
	min_sum,
flooding
	BP, flooding
	offset

min_sum
(offset=0.75)
flooding
	min_sum, layered
	BP,
flooding
	BP,
flooding
	BP,
flooding


Table 1 Calibration assumptions for decoding algorithm reported in email discussion

As reported in the email discussion, 11 companies choose log_BP and 9 companies choose min_sum as the decoding algorithm. Since the decoding algorithm may have impact on the BLER vs. SNR results, the calibration results are summarized that the curves with the same decoding algorithm are shown in the same figure.
1) mMTC 10 bytes, CP-OFDM
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(a) min_sum, AWGN, 10 bytes, CP-OFDM
        
                  (b) log_BP, AWGN, 10 bytes, CP-OFDM
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(c) min_sum, TDL-A, 10 bytes, CP-OFDM
                 (d) log_BP, TDL-A, 10 bytes, CP-OFDM
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 (e) min_sum, TDL-C, 10 bytes, CP-OFDM                       (f) log_BP, TDL-C, 10 bytes, CP-OFDM

Figure 1 Calibration results for mMTC, 10bytes, CP-OFDM

2) mMTC 75 bytes, CP-OFDM
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(a) min_sum, AWGN, 75 bytes, CP-OFDM
        
                  (b) log_BP, AWGN, 75 bytes, CP-OFDM
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(c) min_sum, TDL-A, 75 bytes, CP-OFDM
                 (d) log_BP, TDL-A, 75 bytes, CP-OFDM
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 (e) min_sum, TDL-C, 75 bytes, CP-OFDM                       (f) log_BP, TDL-C, 75 bytes, CP-OFDM

Figure 2 Calibration results for mMTC, 75bytes, CP-OFDM

3) mMTC 10 bytes, DFT-S-OFDM
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(a) min_sum, AWGN, 10 bytes, DFT-S-OFDM
              (b) log_BP, AWGN, 10 bytes, DFT-S-OFDM
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(c) min_sum, TDL-A, 10 bytes, DFT-S-OFDM
                 (d) log_BP, TDL-A, 10 bytes, DFT-S-OFDM
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 (e) min_sum, TDL-C, 10 bytes, DFT-S-OFDM                       (f) log_BP, TDL-C, 10 bytes, DFT-S-OFDM
Figure 3 Calibration results for mMTC, 10bytes, DFT-S OFDM

4) mMTC 75 bytes, DFT-S-OFDM
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(a) min_sum, AWGN, 75 bytes, DFT-S-OFDM
        
            (b) log_BP, AWGN, 75 bytes, DFT-S-OFDM
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(c) min_sum, TDL-A, 75 bytes, DFT-S-OFDM
                 (d) log_BP, TDL-A, 75 bytes, DFT-S-OFDM
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 (e) min_sum, TDL-C, 75 bytes, DFT-S-OFDM                       (f) log_BP, TDL-C, 75 bytes, DFT-S-OFDM

Figure 4 Calibration results for mMTC, 75bytes, DFT-S-OFDM

5) eMBB, 20 bytes
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(a) min_sum, AWGN, 20 bytes
        
                  (b) log_BP, AWGN, 20 bytes
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(c) min_sum, TDL-A, 20 bytes
                 (d) log_BP, TDL-A, 20 bytes
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 (e) min_sum, TDL-C, 20 bytes                       (f) log_BP, TDL-C, 20 bytes
Figure 5 Calibration results for eMBB 20 bytes.
6) eMBB, 150 bytes
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(a) min_sum, AWGN, 150 bytes
        
                  (b) log_BP, AWGN, 150 bytes
[image: image33.png]1E+00.

TDL-A 30ns, ICE

1E-02.

t
-9.00 -7.00 -5.00 -3.00 -1.00
SNR



[image: image34.png]1E+00.

\ TDL-A 30ns, ICE —— NTT DOCOM:
opP
——Nokia
«
& e CATR
a
1oL Qualcomm
——sony
1E-02.

-9.00 -7.00

5.1

00
SNR

-3.00

-1.00





(c) min_sum, TDL-A, 150 bytes
                 (d) log_BP, TDL-A, 150 bytes
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 (e) min_sum, TDL-C, 150 bytes                       (f) log_BP, TDL-C, 150 bytes

Figure 5 Calibration results for eMBB 150 bytes.
7) URLLC 10 bytes, 60kHz
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(a) min_sum, AWGN, 10 bytes, 60kHz
        
                  (b) log_BP, AWGN, 10 bytes, 60kHz
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(c) min_sum, TDL-A, 10 bytes, 60kHz
                 (d) log_BP, TDL-A, 10 bytes, 60kHz
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 (e) min_sum, TDL-C, 10 bytes, 60kHz                       (f) log_BP, TDL-C, 10 bytes, 60kHz

Figure 1 Calibration results for URLLC, 10bytes, 60kHz
8) URLLC 75 bytes, 60kHz
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(a) min_sum, AWGN, 75 bytes, 60kHz
        
                  (b) log_BP, AWGN, 75 bytes, 60kHz
  [image: image45.png]1E-01.

TDL-A 30ns, ICE, 1T4R —TE

= samsung
e KDDI

1E-02.

- e Intel

o

= e CATT

Y

1E-03.

1E-04.

-4.00 -3.00 -2.00 -1.00 0.00 1.00 2.00

SNR



[image: image46.png]1E-01.

1E-02.

BLER

1E-03.

1E-04.

TDL-A30ns, |

CE, 1T4

e NTT DOCOMI

——ppPO

AN

N

N

-4.00

-3.00 -2.00
SNR

-1.00

0.00

1.00

2.00




(c) min_sum, TDL-A, 75 bytes, 60kHz
                 (d) log_BP, TDL-A, 75 bytes, 60kHz
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 (e) min_sum, TDL-C, 75 bytes, 60kHz                       (f) log_BP, TDL-C, 75 bytes, 60kHz

Figure 2 Calibration results for URLLC, 75bytes, 60kHz
9) URLLC 10 bytes, 30kHz

[image: image49.png]1E-01.

1E-04.

-8.50

AWGN, ICE, 1T2R e
——oni
—— Huawei
s Intel
N
7.50 6.50

SNR



[image: image50.png]1E-01.

1E-04.

AWGN, ICE, 1T2R e NTT DOCOMO:
\ osro
Qualcomm
——sony
-8.50 -7.50 -6.50

SNR




(a) min_sum, AWGN, 10 bytes, 30kHz
        
                  (b) log_BP, AWGN, 10 bytes, 30kHz
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(c) min_sum, TDL-A, 10 bytes, 30kHz
                 (d) log_BP, TDL-A, 10 bytes, 30kHz
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 (e) min_sum, TDL-C, 10 bytes, 30kHz                       (f) log_BP, TDL-C, 10 bytes, 30kHz

Figure 1 Calibration results for URLLC, 10bytes, 60kHz
10) URLLC 75 bytes, 30kHz
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(a) min_sum, AWGN, 75 bytes, 30kHz
        
                  (b) log_BP, AWGN, 75 bytes, 30kHz
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(c) min_sum, TDL-A, 75 bytes, 30kHz
                 (d) log_BP, TDL-A, 75 bytes, 30kHz
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 (e) min_sum, TDL-C, 75 bytes, 30kHz 


(f) log_BP, TDL-C, 75 bytes, 30kHz

Figure 2 Calibration results for URLLC, 75bytes, 30kHz
3 
Summary

The following observations and proposals can be made from the calibration results:
Observation 1: Majority curves are well aligned for both decoding algorithms, i.e. deviation is less than 0.5dB for 10/20 bytes and less than 1dB for 75/150 bytes.
Observation 2: OMA single user reference with log_BP performs better than min_sum for AWGN cases. Those differences become less for the cases with fading channel.
Observation 3: For min_sum decoder, the deviation of companies’ results may be caused by different implementations such as scaled factor, offset value, or layered method.

Observation 4: For log_BP decoder, the deviation of companies’ results may be caused by different implementations such as channel equalization or noise estimation.
Proposal 1: Adopt the calibration results in TR38.812. Companies are suggest to further check their results if they are not aligned with the majority.
Proposal 2: Consider further alignment on the decoding algorithm for NOMA evaluations.
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Appendix

Table A2 Simulation assumptions for link-level calibration of OMA single user
	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values

	Carrier Frequency
and Numerology
	700 MHz with SCS = 15 kHz, #OS = 14
	case 1: 700 MHz with SCS = 30 kHz, #OS = 4, NCP
case 2: 4 GHz with SCS = 60 kHz, #OS = 7
	4 GHz with SCS = 15 kHz, #OS = 14
	　

	Waveform 
(data part)
	CP-OFDM and DFT-s-OFDM
	CP-OFDM
	CP-OFDM
	　

	
	
	
	
	

	Channel coding
	NR LDPC
	The choice of channel coding here is only for the performance evaluation purpose for NOMA study

	Modulation
	QPSK
	　

	System bandwidth
	10MHz
	　

	Allocated bandwidth
	6PRBs
	12PRBs
	12PRBs
	　

	TBS per UE
	[10, 75] bytes
	[10, 75] bytes
	[20, 150] bytes
	　

	
	
	
	
	

	Target BLER for one transmission
	10%
	0.10%
	10%
	　

	BS antenna configuration
	2 Rx for 700MHz, 4Rx for 4 GHz.
	　

	UE antenna configuration
	1Tx  
	　

	Propagation channel & UE velocity
	AWGN, TDL-A 30ns and TDL-C 300ns in TR38.901, 3km/h
	No spatial correlation
Initialize channel realization at each slot

	Max number of HARQ transmission
	1
	　

	Channel estimation
	Ideal channel estimation
	　

	DMRS overhead
	1/7 for #OS 7 and 14, and 1/4 for #OS 4
	　

	MA signature allocation (for data and DMRS)
	Fixed
	　

	Distribution of avg. SNR
	Equal
	　

	
	
	

	Timing offset
	0
	　

	Frequency error
	0
	　

	Traffic model for link level
	Full buffer
	　

	Total number of slots
	1000 for AWGN;
10000 for fading channel
	[50000] for AWGN
[100000] for fading channel
	1000 for AWGN;
10000 for fading channel
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