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1	Introduction
In RAN4#84, WF on SA and NSA UE REFSENS for NR Sub-6GHz were agreed. In this contribution, we show our view on SA UE REFSENS for NR Sub-6 GHz range – Bands n77, n78, and n79.
2	Discussion
The reference sensitivity level is the minimum mean received signal strength applied to all UE antenna ports at which there is sufficient SINR for the specified modulation scheme to meet a minimum throughput requirement of 95% of the maximum possible. 

Reference Sensitivity (REFSENS) is a range of values that can be calculated using the Formula [1]:
REFSENS (dBm)  = -174 dBm + NF + 10log(RxBW) + SNR + IM – Diversity Gain ----- (eq. 1)

· RxBW is the receiver bandwidth per channel BW and SCS
· NF is the prescribed maximum noise figure for the receiver
· SNR is the requirement for the chosen modulation and coding scheme
· Diversity gain represents the diversity gain (2RX)
· IM is the implementation margin including diversity impairment

In our understanding, NF includes RF implementation margin, SNR assumes ideal BB for a fixed code rate of 1/3 which we should revisit after the decision by RAN1. IM includes only BB margin. RAN4 might need to have further clarification on these definitions.

Observation 1: The REFSENS equation still need further clarification which margins, i.e. RF and BB margins, are supposed to be accounted in each of NF, SNR and IM.

The RxBW per channel BW is given in the following table:
[image: ]
Table 1. RxBW per channel BW
Note: Highest RxBW is always for the lowest valid SCS


	 
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	kTB/Hz [dBm]
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	10log(RxBW) [dB]
	66.5
	69.7
	71.5
	72.8
	73.8
	75.9
	76.9
	77.7
	78.9
	79.9

	Diversity Gain [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3

	SNR [dB]
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1

	NF [dB]
	11
	11
	11
	11
	11
	11
	11
	11
	11
	11

	IM [dB]
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5

	REFSENS (2Rx) [dBm]
	-98
	-94.8
	-93
	-91.7
	-90.7
	-88.6
	-87.6
	-86.8
	-85.6
	-84.6


Table 2. Derived REFSENS for NR 3.3 – 4.2 GHz (n77 & n78) and 4.4 – 5 GHz (n79)

[bookmark: _GoBack]In the REFSENS calculation in Table 2, -1 dB SNR (QPSK with 1/3 code rate), 11 dB NF, and 2.5 dB IM are assumed across all n77, n78, and n79 bands. NF includes RFFE implementation margin and IM includes BB implementation margin.

Observation 2: Table 2 was derived based on -1 dB SNR (QPSK with 1/3 code rate), 11 dB NF, and 2.5 dB IM assumptions for across all Bands n77, n78, and n79.
3	Conclusions
In this contribution, the following observations were made:

Observation 1: The REFSENS equation still need further clarification which margins, i.e. RF and BB margins, are supposed to be accounted in each of NF, SNR and IM.

Observation 2: Table 2 was derived based on -1 dB SNR (QPSK with 1/3 code rate), 11 dB NF, and 2.5 dB IM assumptions for across all Bands n77, n78, and n79.
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SCS 5 10 15 | 20 | 25 | 40 | 50 | 60 | 80 | 100

Sub-6GHz | [kHz] [MHz| MHz |MHz|MHz|MHz|MHz|MHz|MHz|MHz | MHz
SU_CP- 15 25 52 79 | 106 | 133 | 216 | 270 | NA | NA | NA
OFDM 30 11 24 38 | 51 | 65 | 106 | 133 | 162 | 217 | 273

[#RB] 60 NA | 11 18 | 24 | 31 | 51 | 65 | 79 | 107 | 135

RXBW 15 (45| 9.4 [14.2]19.1(23.9|38.9|48.6| NA | NA | NA

[MHz] 30 4 8.6 |13.7|18.4|23.4|38.2|47.9|58.3|78.1|98.3

60 NA| 7.9 | 13 |17.3|22.3|36.7|46.8|56.9| 77 |97.2

max RXBW [MHz] | 4.5 | 9.4 |14.2(19.1|23.9|38.9(48.6|58.3|78.1|98.3
15 |66.5| 69.7 |71.5[72.8(73.8|75.9|76.9| NA | NA | NA

10*Log 30 |66.0| 69.4 |71.4(72.6|73.7|75.8(76.8|77.7|78.9|79.9
RXBW 60 NA | 69.0 |71.1|72.4|73.5|75.6|76.7|77.5|78.9|79.9

lowest |66.5| 69.7 |71.5|72.8|73.8(75.9|76.9|77.7|78.9|79.9





