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1. Introduction
In the last meeting, NR BS sensitivity FRCs were discussed intensively [1-7] and the agreements have been captured in a WF [8]. In the agreed WF, there are still some open issues pending decision of email discussion. For example, the TBS and CRC bits length. After the e-mail discussion, a list of TBS for each FRC has been agreed as shown below, which will be used temporarily for sensitivity requirement SNR simulation before final RAN1 decision about the TBS table. 

	FR1
	CBW(MHz)
	SCS(KHz)
	# of PRB
	TBS(bits)

	G-FR1-A1-1
	5
	15
	25
	2696

	G-FR1-A1-2
	5
	30
	11
	1184

	G-FR1-A1-3
	10
	60
	11
	1184

	G-FR1-A1-4
	20
	15
	106
	11448

	G-FR1-A1-5
	20
	30
	51
	5504

	G-FR1-A1-6
	20
	60
	24
	2592


	FR2
	CBW(MHz)
	SCS(KHz)
	# of PRB
	TBS(bits)

	G-FR2-A1-1
	50
	60
	25
	7128

	G-FR2-A1-2
	50
	120
	11
	3456

	G-FR2-A1-3
	100
	120
	11
	7128


Based on such agreements, almost all the parameters of the FRC could be calculated. In this paper, we will share our further considerations about the FRCs for NR BS sensitivity requirements, and will provide template FRC tables for spec drafting. 
2. Discussion
2.1 Parameters for FRC
1. CP-OFDM Symbols per resource block
The agreed DMRS pattern in e-mail discussion is so-called front-loaded only pattern, where 6 symbols are allocated discontinuously for DMRS in only 1 column, as shown in below fig1. Although other patterns are proposed by some companies where different DMRS sequences are allocated simultaneously with FDM, it’s expected that only one type of pattern is enough to specify the FRCs.
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Figure 1 

If we assume this ‘6 symbols pattern’ will be finally used, it’s hard to define the number of OFDM symbols per slot as the number in different sub-carriers is different, e.g. 13 symbols in the first sub-carrier and 14 symbols in the second. One possible way is to define the number of symbols to be 13.5, which means that in the CP-OFDM symbols with DMRS only half of the sub-carriers are allocated to data. Then, we can have these values in following table:

	FR1 FRC
	CP-OFDM symbols per slot
	FR2 FRC
	CP-OFDM symbols per slot

	G-FR1-A1-1
	13.5
	G-FR2-A1-1
	13.5

	G-FR1-A1-2
	13.5
	G-FR2-A1-2
	13.5

	G-FR1-A1-3
	13.5
	G-FR2-A1-3
	13.5

	G-FR1-A1-4
	13.5
	
	

	G-FR1-A1-5
	13.5
	
	

	G-FR1-A1-6
	13.5
	
	


2. Code block number
A working assumption in RAN1 has linked the code rate with the maximum code block size (depend on whether the code rate is larger than 1/4 or not). However, as the assumed code rate for sensitivity FRC is 1/3, this assumption will have no impact on the code block number calculation and the maximum code block size is always 8448 bits.  Hence, we can get the code block number for each FRC as following table:
	FR1 FRC
	Code block number
	FR2 FRC
	Code block number

	G-FR1-A1-1
	1
	G-FR2-A1-1
	1

	G-FR1-A1-2
	1
	G-FR2-A1-2
	1

	G-FR1-A1-3
	1
	G-FR2-A1-3
	1

	G-FR1-A1-4
	2
	
	

	G-FR1-A1-5
	1
	
	

	G-FR1-A1-6
	1
	
	


3. TB CRC/CB CRC

There have been some agreements in RAN1 about the TB CRC and CB CRC size, which said that the TB CRC length will be 24bits for TB size > 3824 and 16bits for TB size ≤ 3824, while the length of CB CRC is always 24bits. Hence, the corresponding CRC lengths for each FRC can be decided as following table:
	FR1 FRC
	TB CRC(bits)
	CB CRC(bits)
	FR2 FRC
	TB CRC(bits)
	CB CRC(bits)

	G-FR1-A1-1
	16
	0
	G-FR2-A1-1
	24
	0

	G-FR1-A1-2
	16
	0
	G-FR2-A1-2
	16
	0

	G-FR1-A1-3
	16
	0
	G-FR2-A1-3
	24
	0

	G-FR1-A1-4
	24
	24
	
	
	

	G-FR1-A1-5
	24
	0
	
	
	

	G-FR1-A1-6
	16
	0
	
	
	


4. Payload size
It should be noticed that CRC bits are included in the agreed TBS mentioned in section 1. By excluding the corresponding CRC bits, we can calculate the payload size as following table:

	FR1 FRC
	Payload size(bits)
	FR2 FRC
	Payload size(bits)

	G-FR1-A1-1
	2680
	G-FR2-A1-1
	7104

	G-FR1-A1-2
	1168
	G-FR2-A1-2
	3440

	G-FR1-A1-3
	1168
	G-FR2-A1-3
	7104

	G-FR1-A1-4
	11376
	
	

	G-FR1-A1-5
	5480
	
	

	G-FR1-A1-6
	2576
	
	


5. Code block size
For NR, it’s a bit of complicate to decided the code block size. According to RAN1 decision, two types of base graph (BG) will be implemented for NR: BG1 corresponding to long code LDPC with 1/3 basic code rate (without rate matching); BG2 corresponding to short code LDPC with 1/5 basic code rate. How to select the base graph depend on the code rate (after rate matching) as well as the TBS. To make it more intuitive, the following fig2 is plotted. 
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Figure 2 

From the above figure, we can find that BG1 applies for G-FR1-A1-4, G-FR1-A1-5, G-FR1-A1-6, G-FR2-A1-1 and G-FR2-A1-3, while BG2 applies for the rest.  Also, considering that no more trellis termination bits are needed for LDPC [2], we can calculate the code block size in the following table:

	FR1 FRC
	Code block size(bits)
	FR2 FRC
	Payload size(bits)

	G-FR1-A1-1
	13480
	G-FR2-A1-1
	21384

	G-FR1-A1-2
	5920
	G-FR2-A1-2
	17280

	G-FR1-A1-3
	5920
	G-FR2-A1-3
	21384

	G-FR1-A1-4
	17172
	
	

	G-FR1-A1-5
	17592
	
	

	G-FR1-A1-6
	7800
	
	


6. Total number of symbols/bits per slot

Here, we calculate the number of total symbols as well as total bits per slot based on the ‘6 symbols pattern’, as shown in following table:

	FR1 FRC
	Total number of symbols
	Total number of bits
	FR2 FRC
	Total number of symbols
	Total number of bits

	G-FR1-A1-1
	4050
	9010
	G-FR2-A1-1
	10692
	21384

	G-FR1-A1-2
	1782
	3564
	G-FR2-A1-2
	5184
	10368

	G-FR1-A1-3
	1782
	3564
	G-FR2-A1-3
	10692
	21384

	G-FR1-A1-4
	17172
	34344
	
	
	

	G-FR1-A1-5
	8262
	16524
	
	
	

	G-FR1-A1-6
	3888
	7776
	
	
	


2.2 Template FRC table
Based on the above discussions, template of FRC tables are shown below, it’s proposed to use following tables as the fixed reference channels for NR BS sensitivity requirements.   
Table x. x-x FRC parameters for FR1 reference sensitivity 

	Reference channel
	G-FR1-A1-1
	G-FR1-A1-2
	G-FR1-A1-3
	G-FR1-A1-4
	G-FR1-A1-5
	G-FR1-A1-6

	Subcarrier spacing(kHz)
	15
	30
	60
	15
	30
	60

	Allocated resource blocks
	25
	11
	11
	106
	51
	24

	CP-OFDM Symbols per slot 
	13.5
	13.5
	13.5
	13.5
	13.5
	13.5

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	Payload size (bits)
	2680
	1168
	1168
	11376
	5480
	2576

	Transport block CRC (bits)
	16 
	16 
	16 
	24
	24
	16 

	Code block CRC size (bits)
	0 
	0 
	0 
	24
	0 
	0 

	Number of code blocks - C
	1
	1
	1
	2
	1
	1

	Coded block size (bits)
	13480
	5920
	5920
	17172
	17592
	7800

	Total number of bits per slot
	9010
	3564
	3564
	34344
	16524
	7776

	Total symbols per slot
	4050
	1782
	1782
	17172
	8262
	3888

	NOTE 1:
For the number of CP-OFDM Symbols per slot, 13.5 means that in the CP-OFDM symbol with DMRS only half of the subcarriers are allocated to data.


   Table x. x-x FRC parameters for FR2 reference sensitivity 

	Reference channel
	G-FR2-A1-1
	G-FR2-A1-2
	G-FR2-A1-3

	Subcarrier spacing(kHz)
	60
	120
	120

	Allocated resource blocks
	66
	32
	66

	CP-OFDM Symbols per slot 
	13.5
	13.5
	13.5

	Modulation
	QPSK
	QPSK
	QPSK

	Code rate
	1/3
	1/3
	1/3

	Payload size (bits)
	7104
	3440
	7104

	Transport block CRC (bits)
	24
	16 
	24

	Code block CRC size (bits)
	0
	0 
	0 

	Number of code blocks - C
	1
	1
	1

	Coded block size (bits)
	21384
	17280
	21384

	Total number of bits per slot
	21384
	10368
	21384

	Total symbols per slot
	10692
	5184
	10692

	NOTE 1:
For the number of CP-OFDM Symbols per slot, 13.5 means that in the CP-OFDM symbol with DMRS only half of the subcarriers are allocated to data.


Proposal: It’s proposed to use the above two tables as the FRCs of NR BS sensitivity requirements.  
3. Conclusion

In this paper, we share our further considerations about how to define FRCs for NR BS sensitivity requirements, and propose the templates as in following tables:
Table x. x-x FRC parameters for FR1 reference sensitivity 

	Reference channel
	G-FR1-A1-1
	G-FR1-A1-2
	G-FR1-A1-3
	G-FR1-A1-4
	G-FR1-A1-5
	G-FR1-A1-6

	Subcarrier spacing(kHz)
	15
	30
	60
	15
	30
	60

	Allocated resource blocks
	25
	11
	11
	106
	51
	24

	CP-OFDM Symbols per slot 
	13.5
	13.5
	13.5
	13.5
	13.5
	13.5

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	Payload size (bits)
	2680
	1168
	1168
	11376
	5480
	2576

	Transport block CRC (bits)
	16 
	16 
	16 
	24
	24
	16 

	Code block CRC size (bits)
	0 
	0 
	0 
	24
	0 
	0 

	Number of code blocks - C
	1
	1
	1
	2
	1
	1

	Coded block size (bits)
	13480
	5920
	5920
	17172
	17592
	7800

	Total number of bits per slot
	9010
	3564
	3564
	34344
	16524
	7776

	Total symbols per slot
	4050
	1782
	1782
	17172
	8262
	3888

	NOTE 1:
For the number of CP-OFDM Symbols per slot, 13.5 means that in the CP-OFDM symbol with DMRS only half of the subcarriers are allocated to data.


   Table x. x-x FRC parameters for FR2 reference sensitivity 

	Reference channel
	G-FR2-A1-1
	G-FR2-A1-2
	G-FR2-A1-3

	Subcarrier spacing(kHz)
	60
	120
	120

	Allocated resource blocks
	66
	32
	66

	CP-OFDM Symbols per slot
	13.5
	13.5
	13.5

	Modulation
	QPSK
	QPSK
	QPSK

	Code rate
	1/3
	1/3
	1/3

	Payload size (bits)
	7104
	3440
	7104

	Transport block CRC (bits)
	24
	16 
	24

	Code block CRC size (bits)
	0
	0 
	0 

	Number of code blocks - C
	1
	1
	1

	Coded block size (bits)
	21384
	17280
	21384

	Total number of bits per slot
	21384
	10368
	21384

	Total symbols per slot
	10692
	5184
	10692

	NOTE 1:
For the number of CP-OFDM Symbols per slot, 13.5 means that in the CP-OFDM symbol with DMRS only half of the subcarriers are allocated to data.


Proposal: It’s proposed to use the above two tables as the FRCs of NR BS sensitivity requirements.  
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