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Introduction

In the last RAN4#92 meeting, there were some initial discussions on NR-U BS requirement on the high level and list some open issues for further investigation. Therefore in this contribution, we want to share further inputs on NR-U BS RX RF requirement.
Discussion 
As discussed during RAN4#92 meeting, RX RFC for NR-U may need to be updated which originates from LAA FRC design as shown in Figure 1 specified in TS36.104. The basic idea for LAA FRC design is to have PRB level interleave shown in Figure 1 as this is one important feature for LAA physical layer and different from LTE. In addition, PRB spanning over the whole channel bandwidth should also comply with ITU regulatory requirement which indicates at least 80% OBW should be occupied or transmitted. Similar as LAA FRC design, the PRB level interleave should also been reused for NR-U.
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Figure 1. illustration of LAA FRC parameters.

Proposal 1: the PRB level interleave should also be adopted for NR-U which is similar as LAA. 
2.1. Allocated PRB index 

Similar as LAA PRB interleave mapping method, the allocated RBs should be uniformly spaced over the channel bandwidth, the specific RB index would be further clarified in the following. 

10MHz, SCS 15KHz 

The allocated RB index N,N+5,N+10,..N+45 where N={0,1,2,3,4,5,6} is to cover all frequency ranges to be tested and total PRB number for single FRC is 10;

10MHz, SCS 30KHz

The allocated PRB index N,N+2, N+18 where N={0,1,2,3,4,5} is proposed to cover all frequency ranges to be tested and total PRB number for FRC design is 10.
10MHz, SCS 60KHz

The allocated PRB index N, N+1,N+2, N+4,N+11 where N={0} is proposed to cover all frequency ranges to be tested and total PRB number for FRC design is 12. Here SU for 10MHz and 60KHz SCS is proposed as 12 to meet ETSI regulatory limit in the companion contribution. 

20MHz, SCS 15KHz

The allocated PRB index N,N+10,N+20,..N+90 where N={0,1,2,3,...,15} is proposed to cover all frequency ranges to be tested and total PRB number for FRC design is 10.

20MHz, SCS 30KHz

The allocated PRB index N,N+5,N+10,..N+45 where N={0,1,2,3,4,5} is proposed to cover all frequency ranges to be tested and total PRB number for FRC design is 10.

20MHz, SCS 60KHz

The allocated PRB index N,N+2, N+18 where N={0,1,2,..,6} is proposed to cover all frequency ranges to be tested and total PRB number for FRC design is 10.

40MHz, SCS 15KHz 

The allocated PRB index N,N+10,N+20,...N+200 where N={0,1,2,3,4,...,15} is proposed to cover all frequency ranges to be tested and total PRB number for FRC design is 20. The basic reason to setting FRC PRB number as 20 is to avoid too many test compared with FRC PRB number as 10. 

40MHz, SCS 30KHz

The allocated PRB index N, N+10,...,N+90 where N={0,1,2,3,4,...,15} is proposed to cover all frequency ranges to be tested and total PRB number for FRC design is 10. 

40MHz, SCS 60KHz

The allocated PRB index N,N+5,N+10,..N+45 where N={0,1,2,3,4,5} is proposed to cover all frequency ranges to be tested and total PRB number for FRC design is 10. 

80MHz, SCS 30KHz

The allocated PRB index N,N+10,N+20,...N+200 where N={0,1,2,3,4,...,16} is proposed to cover all frequency ranges to be tested and total PRB number for FRC design is 20. The basic reason to setting FRC PRB number as 20 is to avoid too many test compared with FRC PRB number as 10.

80MHz, SCS 60KHz

The allocated PRB index N,N+10,N+20,..N+90 where N={0,1,2,3,...,15} is proposed to cover all frequency ranges to be tested and total PRB number for FRC design is 10.
The allocated PRB index and PRB number for NR-U BS FRC are summarized in the following Table 1. 

Table 1. Summary for allocated PRB index and PRB number for NR-U BS FRC.

	CBW
	SCS
	FRC PRB index
	 PRB number

	10MHz
	15KHz
	N,N+5,N+10,..N+45, N={0,1,2,3,4,5,6}
	10

	
	30KHz
	N,N+2, N+18 where N={0,1,2,3,4,5}
	10

	
	60KHz
	N, N+1,N+2, N+4,N+11 where N={0}
	12

	20MHz
	15KHz
	N,N+10,N+20,..N+90 where N={0,1,2,3,...,15} 
	10

	
	30KHz
	N,N+5,N+10,..N+45 where N={0,1,2,3,4,5}
	10

	
	60KHz
	N,N+2, N+18 where N={0,1,2,..,6}
	10

	40MHz
	15KHz
	N,N+10,N+20,...N+200 where N={0,1,2,3,4,...,15}
	20

	
	30KHz
	N, N+10,...,N+90 where N={0,1,2,3,4,...,15}
	10

	
	60KHz
	N,N+5,N+10,..N+45 where N={0,1,2,3,4,5}
	10

	80MHz
	30KHz
	N,N+10,N+20,...N+200 where N={0,1,2,3,4,...,16}
	20

	
	60KHz
	N,N+10,N+20,..N+90 where N={0,1,2,3,...,15}
	10


2.2. NR-U BS FRC 
Based on the PRB number for NR-U BS FRC and we also reuse the NR MCS for REFSENS/ICS and dynamic range for NR-U and DMRS pattern for NR-U, therefore according to the above information, NR-U BS FRC could be specified as following Table 2 and Table 3. 

Table 2a. REFENS and ICS FRC for NR-U

	Reference channel
	G-FR1-A1-10
	G-FR1-A1-11
	G-FR1-A1-12
	G-FR1-A1-13
	G-FR1-A1-14
	G-FR1-A1-15
	G-FR1-A1-16
	G-FR1-A1-17
	G-FR1-A1-18

	Subcarrier spacing (kHz)
	15
	30
	60
	15
	30
	60
	15
	30
	60

	Allocated resource blocks
	10
	10
	12
	10
	10
	10
	20
	10
	10

	CP-OFDM Symbols per slot (Note 1)
	12
	12
	12
	12
	12
	12
	12
	12
	12

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate (Note 2)
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	Payload size (bits)
	888
	888
	1032
	888
	888
	888
	1736
	888
	888

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

	Code block CRC size (bits)
	-
	-
	-
	-
	-
	-
	-
	-
	-

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

	Code block size including CRC (bits) (Note 3)
	904
	904
	1048
	904
	904
	904
	1752
	904
	904

	Total number of bits per slot
	2880
	2880
	3456
	2880
	2880
	2880
	 5760
	2880
	2880

	Total symbols per slot
	1440
	1440
	1728
	1440
	1440
	1440
	2880
	1440
	1440

	NOTE 1:
UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1, UL-DMRS-add-pos = 1 with 
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= 11 as per table 6.4.1.1.3-3 of TS 38.211 [5].
NOTE 2:
MCS index 4 and target coding rate = 308/1024 are adopted to calculate payload size for receiver sensitivity and in-channel selectivity

NOTE 3:
Code block size including CRC (bits) equals to 
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 in sub-clause 5.2.2 of TS 38.212 [15].

NOTE 4:
For reference channel A1-10, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N,N+5,N+10,..N+45 where N={0,1,2,3,4,5,6}.  
NOTE 5:
For reference channel A1-11, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N,N+2,..., N+18 where N={0,1,2,3,4,5}.

NOTE 6:
For reference channel A1-12, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N, N+1, N+2,...,N+11 where N={0}.

NOTE 7:
For reference channel A1-13, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index  N,N+10,N+20,..N+90 where N={0,1,2,3,...,15}.
NOTE 8:
For reference channel A1-14, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N,N+5,N+10,..,N+45 where N={0,1,2,3,4,5}.
NOTE 9:
For reference channel A1-15, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N,N+2,..., N+18 where N={0,1,2,..,6}.
NOTE 10:
For reference channel A1-16, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index  N,N+10,N+20,...,N+200 where N={0,1,2,3,4,...,15}.
NOTE 11:
For reference channel A1-17, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N, N+10, ...,N+90 where N={0,1,2,3,4,...,15}.
NOTE 12:
For reference channel A1-18, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index  N,N+5,N+10,..N+45 where N={0,1,2,3,4,5}


Table 2b. REFENS and ICS FRC for NR-U

	Reference channel
	G-FR1-A1-19
	G-FR1-A1-20
	
	
	
	
	
	
	

	Subcarrier spacing (kHz)
	30
	60
	
	
	
	
	
	
	

	Allocated resource blocks
	20
	10
	
	
	
	
	
	
	

	CP-OFDM Symbols per slot (Note 1)
	12
	12
	
	
	
	
	
	
	

	Modulation
	QPSK
	QPSK
	
	
	
	
	
	
	

	Code rate (Note 2)
	1/3
	1/3
	
	
	
	
	
	
	

	Payload size (bits)
	1736
	888
	
	
	
	
	
	
	

	Transport block CRC (bits)
	16
	16
	
	
	
	
	
	
	

	Code block CRC size (bits)
	-
	-
	
	
	
	
	
	
	

	Number of code blocks - C
	1
	1
	
	
	
	
	
	
	

	Code block size including CRC (bits) (Note 3)
	1752
	904
	
	
	
	
	
	
	

	Total number of bits per slot
	 5760
	2880
	
	
	
	
	
	
	

	Total symbols per slot
	2880
	1440
	
	
	
	
	
	
	

	NOTE 1:
UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1, UL-DMRS-add-pos = 1 with 
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= 2, 
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= 11 as per table 6.4.1.1.3-3 of TS 38.211 [5].
NOTE 2:
MCS index 4 and target coding rate = 308/1024 are adopted to calculate payload size for receiver sensitivity and in-channel selectivity

NOTE 3:
Code block size including CRC (bits) equals to 
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 in sub-clause 5.2.2 of TS 38.212 [15].

NOTE 4:
For reference channel A1-19, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N,N+10,N+20,...,N+200 where N={0,1,2,3,4,...,16}.

NOTE 5:
For reference channel A1-20, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N,N+10,N+20,..N+90 where N={0,1,2,3,...,15}.


Table 3a. Dynamic range FRC for NR-U

	Reference channel
	G-FR1-A2-7
	G-FR1-A2-8
	G-FR1-A2-9
	G-FR1-A2-10
	G-FR1-A2-11
	G-FR1-A2-12
	G-FR1-A2-13
	G-FR1-A2-14
	G-FR1-A2-15

	Subcarrier spacing (kHz)
	15
	30
	60
	15
	30
	60
	15
	30
	60

	Allocated resource blocks
	10
	10
	12
	10
	10
	10
	20
	10
	10

	CP-OFDM Symbols per slot (Note 1)
	12
	12
	12
	12
	12
	12
	12
	12
	12

	Modulation
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

	Code rate (Note 2)
	2/3
	2/3
	2/3
	2/3
	2/3
	2/3
	2/3
	2/3
	2/3

	Payload size (bits)
	3752
	3752
	4480
	3752
	3752
	3752
	7424
	3752
	3752

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

	Code block CRC size (bits)
	-
	-
	-
	-
	-
	-
	-
	-
	-

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

	Code block size including CRC (bits) (Note 3)
	3768
	3768
	4504
	3768
	3768
	3768
	7448
	3768
	3768

	Total number of bits per slot
	5760
	5760
	6912
	5760
	5760
	5760
	11520
	5760
	5760

	Total symbols per slot
	1440
	1440
	1728
	1440
	1440
	1440
	 2880
	1440
	1440

	NOTE 1:
UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1, UL-DMRS-add-pos = 1 with 
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= 2, 
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= 11 as per table 6.4.1.1.3-3 of TS 38.211 [5].
NOTE 2:
MCS index 16 and target coding rate = 658/1024 are adopted to calculate payload size for receiver sensitivity and in-channel selectivity

NOTE 3:
Code block size including CRC (bits) equals to 
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 in sub-clause 5.2.2 of TS 38.212 [15].

NOTE 4:
For reference channel A2-7, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N,N+5,N+10,..N+45 where N={0,1,2,3,4,5,6}.  
NOTE 5:
For reference channel A2-8, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N,N,N+2,..., N+18 where N={0,1,2,3,4,5}.

NOTE 6:
For reference channel A2-9, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N, N+1, N+2,...,N+11 where N={0}.

NOTE 7:
For reference channel A2-10, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index  N,N+10,N+20,..N+90 where N={0,1,2,3,...,15}.
NOTE 8:
For reference channel A2-11, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N,N+5,N+10,..,N+45 where N={0,1,2,3,4,5}.
NOTE 9:
For reference channel A2-12, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N,N+2,..., N+18 where N={0,1,2,..,6}.
NOTE 10:
For reference channel A2-13, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index  N,N+10,N+20,...,N+200 where N={0,1,2,3,4,...,15}.
NOTE 11:
For reference channel A2-14, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N, N+10, ...,N+90 where N={0,1,2,3,4,...,15}.
NOTE 12:
For reference channel A2-15, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index  N,N+5,N+10,..N+45 where N={0,1,2,3,4,5}


Table 3b. Dynamic range FRC for NR-U

	Reference channel
	G-FR1-A2-16
	G-FR1-A2-17
	
	
	
	
	
	
	

	Subcarrier spacing (kHz)
	30
	60
	
	
	
	
	
	
	

	Allocated resource blocks
	20
	10
	
	
	
	
	
	
	

	CP-OFDM Symbols per slot (Note 1)
	12
	12
	
	
	
	
	
	
	

	Modulation
	16QAM
	16QAM
	
	
	
	
	
	
	

	Code rate (Note 2)
	2/3
	2/3
	
	
	
	
	
	
	

	Payload size (bits)
	7424
	3752
	
	
	
	
	
	
	

	Transport block CRC (bits)
	24
	16
	
	
	
	
	
	
	

	Code block CRC size (bits)
	-
	-
	
	
	
	
	
	
	

	Number of code blocks - C
	1
	1
	
	
	
	
	
	
	

	Code block size including CRC (bits) (Note 3)
	7448
	3768
	
	
	
	
	
	
	

	Total number of bits per slot
	11520
	5760
	
	
	
	
	
	
	

	Total symbols per slot
	 2880
	1440
	
	
	
	
	
	
	

	NOTE 1:
UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1, UL-DMRS-add-pos = 1 with 
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= 11 as per table 6.4.1.1.3-3 of TS 38.211 [5].
NOTE 2:
MCS index 16 and target coding rate = 658/1024 are adopted to calculate payload size for receiver sensitivity and in-channel selectivity

NOTE 3:
Code block size including CRC (bits) equals to 
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 in sub-clause 5.2.2 of TS 38.212 [15].

NOTE 4:
For reference channel A2-16, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N,N+10,N+20,...,N+200 where N={0,1,2,3,4,...,16}.

NOTE 5:
For reference channel A2-17, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N,N+10,N+20,..N+90 where N={0,1,2,3,...,15}.


2.3. Simulation results for NR-U BS FRC 
Simulation results for REFSENS and dynamic range requirement are provided in the following Figures and SNR for 95% throughput are summarized in the Table 4.
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Figure 2-1. Simulation results for G-FR1-A1-10 [-0.9dB]
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Figure 2-2. Simulation results for G-FR1-A1-12 [-1.1dB]. 
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Figure 2-3 Simulation results for G-FR1-A1-16 [-1.16dB]. 
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Figure 3-1 Simulation results for G-FR1-A2-7 [9.0dB]. 
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Figure 3-2 Simulation results for G-FR1-A2-9 [9.0dB]
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Figure 3-3 Simulation results for G-FR1-A2-13 [8.9dB]

Simulation results in the above Figure 2 and Figure 3 are summarized in the following Table 4. As it’s tested under the AWGN channel, therefore for FRC with same PRB number and MCS configuration, then SNR among them could be reused which is the same as NR REFSENS simulation work.
Table 4. Simulation results summary for NR-U BS RX FRC

	
	NR-U BS RX FRC
	SNR

	REFSENS&ICS
	G-FR1-A1-10
	-0.9dB

	
	G-FR1-A1-12
	-1.1dB

	
	G-FR1-A1-16
	-1.16dB

	Dynamic range
	G-FR1-A2-7
	9.0dB

	
	G-FR1-A2-9
	9.0dB

	
	G-FR1-A2-13
	8.9dB


2.4. Methodology to derive NR-U BS RX requirement.  
First of all, NF for NR-U could reuse 10dB for MR ,13dB for LA to derive the corresponding RX RF requirement. 

2.4.1. REFSENS

Similar as E-UTRA and LAA REFSENS requirement definition, 
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Where IM are assumed as 2dB. 

2.4.2. Dynamic range 

Similar as E-UTRA and LAA REFSENS requirement definition, 
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Where IM are assumed as 2.5dB as it has higher modulations scheme.
2.4.3. ICS  

Similar as LAA ICS requirement definition, 
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Figure 4. illustration of ICS interfering signal and wanted signal.
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Where IM is assumed as 2dB and ICS is assumed as 25dBc. 

Conclusions
In this contribution, we shared some further inputs on NR-U BS RX RF requirements and proposals are made as following: 

Proposal 1: the PRB level interleave should also be adopted for NR-U which is similar as LAA. 
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