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1. Introduction
In the last meeting, there were some general discussions on how to define FRCs for NR receiver requirements[1-3], where the maximum allocated RB number for different channel bandwidths and/or subcarrier spacing could be different. A WF about this issue has been agreed for further study [4], as shown below:

	· Determine an acceptable set of FRCs to be used to specify REFSENS and other NR Rx requirements for all CBW.
· By RAN4#84b, companies are encouraged to propose:
· A preferred set of FRCs 
· Minimum information for each FRC: CBW, SCS, #RBs, waveform, modulation and coding rate.
· For each CBW, its associated FRCs combinations if needed.
· Simulation assumptions including FRCs to evaluate corresponding SNR, as per RAN1 progress:
· Time Plan:
· Assumptions to be agreed at RAN4#84b.
· SNR simulation results to be agreed in RAN4#85.
· If lack of RAN1 progress on NR MCS tables, SNR Tentative value(s) would be agreed, and replace once RAN1 has finalized its work.


In this paper, we will share our considerations about how to define the FRCs for NR BS REFSENS, and give our proposals. 
2. Discussion
2.1 SCS and CBW for FRC
For NR, the maximum allocated RB number for a specific channel is related to its bandwidth and subcarrier spacing. Because the spectrum utilizations for different CBW/SCS are independently defined, the number of RB for different channel bandwidths cannot be linearly scaled as for LTE. Considering the RAN4 workload, it’s impractical to define FRCs for all the possible RB numbers. The agreed spectrum utilizations in terms of maximum allocated RB number for both FR1 and FR2 are listed in table1 and table2 below [5],
Table1. Spectrum utilization for FR1
	SCS [kHz] 
	5MHz 
	10MHz 
	15MHz 
	20 MHz 
	25 MHz 
	40 MHz 
	50MHz 
	60 MHz 
	80 MHz 
	100 MHz 

	
	NRB 
	NRB 
	NRB 
	NRB 
	NRB 
	NRB 
	NRB 
	NRB 
	NRB 
	NRB 

	15 
	25 
	52 
	79 
	106 
	133 
	216 
	270 
	N.A 
	N.A 
	N.A 

	30 
	11 
	24 
	38 
	51 
	65 
	106 
	133 
	162 
	217 
	273 

	60 
	N.A 
	11 
	18 
	24 
	31 
	51 
	65 
	79 
	107 
	135 


Table2. Spectrum utilization for FR2
	SCS [kHz] 
	50MHz 
	100MHz 
	200MHz 
	400 MHz 

	
	NRB 
	NRB 
	NRB 
	NRB 

	60 
	66 
	132 
	264 
	N.A 

	120 
	32 
	66 
	132 
	264 


It can be observed that for each specific channel bandwidth, the minimum SCS always correspond to the maximum spectrum utilization. As the REFSENS requirement is used to verify receiver NF over entire transmission bandwidth, which is not related to SCS, so it could be enough to define FRCs based on only one SCS for each channel bandwidth. Considering minimum SCS could provide the maximum transmission bandwidth, we have following proposal 1:

Proposal 1: 
The FRC for FR1 REFSENS shall be defined based on 15KHz for channel bandwidth ≤ 50MHz and 30KHz for channel bandwidth >50MHz; 
The FRC for FR2 REFSENS shall be defined based on 60KHz for channel bandwidth ≤ 200MHz and 120KHz for channel bandwidth >200MHz; 

To down select the number of FRCs, two approaches have been proposed in the last meeting which are based on similar principle, i.e. FRC combinations. Particularly in paper [1], specific FRCs are given as examples (reproduced below for information):

· G-FRC1.1 for 5 MHz using 15 kHz SCS

· G-FRC1.2 for 10 MHz using 15 kHz SCS

· G-FRC1.3 for 20 MHz using 15 kHz SCS

· G-FRC1.4 for 20 MHz using 30 kHz SCS

Following this method, only 4 FRCs are needed for FR1, and the needed test number for most of the cases is no more than 3, e.g. in the case to test a channel with 50MHz bandwidth, it could be performed by two G-FRC 1.3 test and one G-FRC 1.2 test. Although there will be a small number of RBs untested, it may cause negligible impact to the results. As the time left is limited, it could be consider as the baseline for the FRC definition.  
In FR2, the story becomes much simpler as the maximum allocated number of RBs between different channel bandwidths could be linearly scaled, so the FRCs for FR2 REFSENS could be defined as:

· FRC-1.5 for 50 MHz using 60 kHz SCS, i.e. 66 PRBs 
· FRC-1.6 for 100 MHz using 120 kHz SCS, i.e. 66 PRBs
Proposal 2: It’s proposed to define the following FRCs for NR FR2 REFSENS.
· FRC-1.5 for 50 MHz using 60 kHz SCS

· FRC-1.6 for 100 MHz using 120 kHz SCS
2.2 Other parameters for FRC
Because of the different physical layer design between NR and LTE, there will be potential change in each of parameters of measurement reference channel. The allocated resource blocks have been discussed in above section. In the following part, we will discuss some of the other parameters for NR accordingly.  
1. Symbols
It has been agreed in RAN1 that both CP-OFDM and DFT-S-OFDM are applicative in UL transmission, where CP-OFDM is for general use while DFT-S-OFDM is defined as complimentary waveform which is likely be used only for coverage limited scenarios. Furthermore, as mentioned above the REFSENS requirement is specified to verify receiver NF which is not decided by the type of received signals. Hence it could be enough to only have CP-OFDM in the FRC. 
It’s noticed that in RAN1 discussion, depends on different configurations, the number of DMRS as well as their locations in each slot is no longer fixed as that of LTE. Whether to consider all the possible numbers and locations of DMRS in RAN4 FRC needs further discussion.    
Observation 1: The DMRS numbers and locations are no longer fixed in NR UL channels. 
Proposal 3: The FRC for NR REFSENS should be defined based on CP-OFDM symbol type. 

2. Modulation
There will be lower order modulation scheme introduced in NR than that of LTE, i.e. pi/2 BPSK, however this scheme is banded with DFT-S-OFDM. If it was agreed that the FRC will be defined only based on CP-OFDM, we can consider QPSK as the modulation scheme.   
Proposal 4: The modulation scheme for NR REFSENS FRC should be defined as QPSK.
3. Code rate and Code block size
In LTE, the minimum code rate without rate matching is 1/3 as the nature of turbo code. While for NR as the coding scheme for data channel has been changed to LDPC, where the minimum code rate could be down to 1/5 without rate matching. In the other hand, a working assumption in RAN1 has linked the code rate with the maximum code block size which will affect code block number calculations (depend on whether the code rate is larger than 1/4 or not). If such assumption was confirmed, then it perhaps will cause impact to the FRC parameters.  
Observation 2: The minimum code rate for NR data channel without rate matching is 1/5

Observation 3: The maximum code block size is possible to be linked with code rate, which will affect the decision on code block number. 
4. Payload size/TB CRC/CB CRC

There is no concrete decision for the slot structure of PUSCH hence it’s difficult to define payload size right now. However, there have been some agreements 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. 

Observation 4: 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.
5. trellis termination
For LTE, 12 external bits are needed for trellis termination of turbo code, but it seems not necessary for LDPC. Hence this parameter could be abandoned for NR UL FRCs.
Observation 5: There will be no trellis termination bits in NR UL FRCs.  
2.3 Example of FRC table
Based on the above discussions, a template of FRC table for REFSENS is shown below, so that people could have a view on how it may looks like. Some of the parameters have been filled in the table. 
Table x. x-x FRC parameters for reference sensitivity and in-channel selectivity

	Reference channel
	x.1-1
	x1-2
	x1-3
	x1-4
	x1-5
	x1-6

	Subcarrier spacing(kHz)
	15
	15
	15
	30
	60
	120

	Allocated resource blocks
	25
	52
	106
	51
	66
	66

	CP-OFDM Symbols per slot
	
	
	
	
	
	

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate
	[1/5 or 1/3]
	[1/5 or 1/3]
	[1/5 or 1/3]
	[1/5 or 1/3]
	[1/5 or 1/3]
	[1/5 or 1/3]

	Payload size (bits)
	
	
	
	
	
	

	Transport block CRC (bits)
	[16 or 24]
	[16 or 24]
	[16 or 24]
	[16 or 24]
	[16 or 24]
	[16 or 24]

	Code block CRC size (bits)
	[0 or 24]
	[0 or 24]
	[0 or 24]
	[0 or 24]
	[0 or 24]
	[0 or 24]

	Number of code blocks - C
	
	
	
	
	
	

	Coded block size (bits)
	
	
	
	
	
	

	Total number of bits per slot
	
	
	
	
	
	

	Total symbols per slot
	
	
	
	
	
	


Conclusion

In this paper, we share our considerations about how to define FRC for NR REFSENS, and have following observations and proposals: 
Observation 1: The DMRS numbers and locations are no longer fixed in NR UL channels.
Observation 2: The minimum code rate for NR data channel without rate matching is 1/5

Observation 3: The maximum code block size is possible to be linked with code rate, which will affect the decision on code block number. 
Observation 4: 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.
Observation 5: There will be no trellis termination bits in NR UL FRCs.
Proposal 1: 

The FRC for FR1 REFSENS shall be defined based on 15KHz for channel bandwidth ≤ 50MHz and 30KHz for channel bandwidth >50MHz; 

The FRC for FR2 REFSENS shall be defined based on 60KHz for channel bandwidth ≤ 200MHz and 120KHz for channel bandwidth >200MHz; 

Proposal 2: It’s proposed to define the following FRCs for NR FR2 REFSENS.

· FRC-1.5 for 50 MHz using 60 kHz SCS

· FRC-1.6 for 100 MHz using 120 kHz SCS
Proposal 3: The FRC for NR REFSENS should be defined based on CP-OFDM symbol type. 

Proposal 4: The modulation scheme for NR REFSENS FRC should be defined as QPSK.
At last, a template of FRC table is given as below so that people could have a view on how it may looks like.

Table x. x-x FRC parameters for reference sensitivity and in-channel selectivity

	Reference channel
	x.1-1
	x1-2
	x1-3
	x1-4
	x1-5
	x1-6

	Subcarrier spacing(kHz)
	15
	15
	15
	30
	60
	120

	Allocated resource blocks
	25
	52
	106
	51
	66
	66

	CP-OFDM Symbols per slot
	
	
	
	
	
	

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate
	[1/5 or 1/3]
	[1/5 or 1/3]
	[1/5 or 1/3]
	[1/5 or 1/3]
	[1/5 or 1/3]
	[1/5 or 1/3]

	Payload size (bits)
	
	
	
	
	
	

	Transport block CRC (bits)
	[16 or 24]
	[16 or 24]
	[16 or 24]
	[16 or 24]
	[16 or 24]
	[16 or 24]

	Code block CRC size (bits)
	[0 or 24]
	[0 or 24]
	[0 or 24]
	[0 or 24]
	[0 or 24]
	[0 or 24]

	Number of code blocks - C
	
	
	
	
	
	

	Coded block size (bits)
	
	
	
	
	
	

	Total number of bits per slot
	
	
	
	
	
	

	Total symbols per slot
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