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1 Introduction
In the last RAN4 meeting, the way forward on SNR for reference sensitivity for both sub6GHz and above 24GHz was submitted and discussed [1]. The proposals were as follows.

· SNR agreement for REFSENS is needed latest by NR-AH#3 in Nagoya
· Companies are encouraged to bring input on SNR and suitable reference measurement channel description
· If no agreement based on contribution is possible, SNR of -3 dB will be used to define REFSENS for both sub-6 and mmW
· The REFSENS values will be adjusted with the actual SNR value obtained from link level simulations when the FRC parameters become available
· Aim to define the FRC parameters to minimize the difference with the -3dB SNR used in the analysis
The motivation behind the proposals was that many other receiver RF requirements would depend on the reference sensitivity requirement and it was thought to be important to finalize the reference sensitivity requirement as early as possible. But it seems the group needs more study and simulation campaign before agreeing on the concrete SNR value to define the sensitivity requirements.
After checking the latest version of 38.211 and 38.212, we found that the channel coding and basic transmission scheme are ready except for the TBS table. It would be feasible to organize the simulation campaign for finalizing the sensitivity requirements.
2 Overview of RAN1 agreements
We provide a table to check the availability of NR physical layer specifications in order to finalize the link level simulation to define the sensitivity requirements.
Table 1: Steps for link level simulation and the availability of corresponding L1 specifications for modulation
	NO.
	Step
	Ready?
	Spec section number
	Note

	1
	Decide TBS
	No
	XX of 38.213
	We can decide a coding rate for simulation

	2
	CRC
	Yes
	7.2.1 of 38.212 
	gCRC24C(D), bit number >3824, otherwise gCRC16(D)

	3
	Code block segmentation
	Yes
	7.2.2/5.2.1 of 38.212
	--

	4
	Channel coding
	Yes
	7.2.3/5.2.1 of 38.212
	Two graphs are defined for LDPC coding.

	5
	Rate matching
	Yes
	7.2.4 of 38.212
	--

	6
	Scrambling
	Yes
	7.3.1.1 of 38.211
	--

	7
	Modulation
	Yes
	7.3.1.2 of 38.211
	--

	8
	Layer mapping
	Yes
	7.3.1.3 of 38.211
	--

	9
	Pre-coding
	Part
	7.3.1.4 of 38.211
	1x2, 1x4 antenna config. used, thus no pre-coding.

	10
	Mapping to physical resources
	Yes
	7.3.1.5 of 38.211
	


3 Discussion on parameters for simulation assumptions for evaluation of SNR
The purpose of reference sensitivity requirement is to verify the noise figure of UE receiver. The requirement is defined as the minimum input power level to UE to meet the required data channel performance with a certain data rate. The equation to calculate the minimum input power level is as follows:
REFESENS = Noise floor (including thermal noise and other interference) + SNR + noise figure + RF margin
Modulation order and propagation condition
In order to get the requirement, SNR should be decided firstly. In LTE, the simulation with QPSK 1/3 under AWGN was conducted and the required SNR is the operating point for PDSCH to reach 95% relative throughput. Similarly, for NR the similar simulation is needed.
The reference channel and 95% throughput of data channel are just used as test metric. To meet the test purpose, the simple transmission scheme is more desirable. Thus we can choose 1Tx and the single port transmission scheme, which is the same as LTE configuration. 
The reference sensitivity reflects the UE performance under the low SNR range. Correspondingly, the lower modulation order, i.e., QPSK, should be configured.

· Proposal 1: To derive SNR for REFSENS, the simulation with QPSK under AWGN needs to be conducted. For AWGN, the simulation should be applicable for both sub-6GHz and mmWave.
Channel bandwidth, sub-carrier spacing, and allocated PRBs

Compared to LTE, the numerology of NR and the system bandwidths are more flexible. It would be difficult to verify all the combinations of parameters. We would like to select the typical cases for the initial simulations as below tables. However, it depends on the conclusion of the support of sub-carrier spacing for UE [2] and may be changed.
Table 2: Some parameters of reference channels for BS receiver requirements for sub-6GHz

	Channel Bandwidth (MHz)
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	Sub-carrier spacing (kHz)
	15
	15
	15
	15
	30
	30
	30
	60
	60
	60

	Allocated resource blocks
	25
	52
	79
	106
	65
	106
	133
	79
	107
	135


Table 3: Some parameters of reference channels for BS receiver requirements for mmWave

	Channel Bandwidth (MHz)
	50
	100
	200
	400

	Sub-carrier spacing (kHz)
	60
	60
	120
	120

	Allocated resource blocks
	66
	132
	132
	264


· Proposal 2: For the simulation, use the bandwidths, sub-carrier spacing and allocated RPBs as given in Table 2 and Table3.
Coding scheme and coding rate
The UE sensitivity requirement is going to verify the UE RF performance under “small” signal, i.e., low SNR scenario. Under the low SNR scenario, the lower coding rate will be used. 

To make the requirement be comparable to LTE, the same coding rate would be preferable, which is 1/3. And the baseline coding rate for LPDC for NR is 1/3. So we propose to use 1/3 coding rate for defining the sensitivity requirements.
For NR data channel, the LDPC coding is used. There are two graphs defined. In 38.212, it is specified that for initial transmission of a transport block with coding rate
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and subsequent re-transmission of the same transport block, each code block of the transport block is encoded with LDPC base graph 2 if 
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, and is encoded with LDPC base graph 1 otherwise. The LDPC base graph 2 is used for the case with the smaller information block and lower coding rate. According to the specification, whether the LDPC base graph 1 or 2 is selected depends on the TB size used for the simulation.
· Proposal 3: For the simulation, use 1/3 coding rate for LDPC encoding. Whether the LDPC base graph 1 or 2 is selected depends on the TB size selected.
Antenna configuration and reference signal setting-up
For LTE, 1x1 antenna configurations is used for the SNR requirement. Then for 2RX and 4RX diversity, MRC gain is added separately for reference sensitivity requirement. It is proposed to follow the same way and run simulation based on 1x1 antenna configurations.
· Proposal 4: For the simulation, 1x1 antenna configurations is used for the SNR requirement.

4 Simulation assumptions
The following table lists our proposal of simulation assumptions for required SNR.
Table 4: Simulation assumptions for required SNR
	Parameters
	Assumption

	Propagation condition
	AWGN

	Antenna configuration
	1x1

	Modulation
	QPSK

	Code rate
	1/3

	LDPC base graph
	1 or 2 depend on the TB size selected

	Transmission mode
	1 layer, single DMRS port

	PDCCH symbol
	3 for CBW=5MHz, 2 for CBW>5MHz


5 Conclusion

In this contribution, simulation assumptions for required SNR are discussed and proposed in Table 2, 3 and 4.
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