14

[bookmark: historyclause]3GPP RAN WG4 Meeting #97e		R4-2016294
Electronic meeting, 2nd – 13th November 2020	

Agenda item:	7.1.2.2
Source:	Apple Inc.
Title:	REFSENS for n96 
WI/SI:	NR_unlic_Core
Release:	Rel-16
Document for:	Approval

1	Introduction 
In RAN4#96e it was discussed whether band n96 (5925 MHz – 7125 MHz) REFSENS requirement definition should consider the same values as band n46 (5150 MHz – 5925 MHz). During the last RAN meeting, a range was approved for the REFSENS requirement, with the expectation of reaching an agreement in the upcoming RAN4 meeting. This contribution provides our view on the REFSENS values for band n96.
	7.3G.2	Reference sensitivity power level
The throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2.2, A.2.3.2, A3.2 and A.3.3 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3G.2-1, Table 7.3G.2-2, and Table 7.3G.2-3.
Table 7.3G.2-1: Two antenna port reference sensitivity QPSK PREFSENS
	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	20 MHz (dBm)
	40 MHz (dBm)
	60 MHz (dBm)
	80 MHz (dBm)

	n46
	15
	-89.7
	-86.6
	
	

	
	30
	-89.9
	-86.7
	-84.8
	-83.6

	n96
	15
	[-89.7 to - 87.3]
	[-86.6 to -84.2]
	
	

	
	30
	[-89.9 to -87.5]
	[-86.7 to -84.3]
	[-84.8 to -82.4]
	[-83.6 to -81.2]



For UE(s) equipped with 4 Rx antenna ports, reference sensitivity for 2Rx antenna ports in Table 7.3G.2-1 shall be modified by the amount given in ΔRIB,4R in Table 7.3G.2-2 for the applicable operating bands.



2	Discussion 
The range for REFSENS in the specification for band n96 starts from -89.7 dBm to 87.3 dBm at 20 MHz. It starts from the same value as n46 and the largest value has a delta of 2.4 dB. In the following subsection, we describe and propose a smaller margin than 2.4 dB for the REFSENS requirement for band 96 compared to band n46.


2.1	REFSENS for n96
The sensitivity of the receiver mainly consists of three portions, the noise figure NF of the receiver, the noise floor, kT in the environment and the frequency bandwidth of the receiver. The first LNA is a key component since its NF dominates the overall noise performance of the receiver. Further challenges come for an LNA supporting wide bandwidth. For band n96 (5925 MHz – 7125 MHz) the bandwidth covers 1200 MHz and for band n46 (5150 MHz – 5925 MHz) the bandwidth is 775 MHz.
[bookmark: _Toc13820866][bookmark: _Toc13820964][bookmark: _Toc13823288][bookmark: _Toc13823510][bookmark: _Toc13823766][bookmark: _Toc13820616][bookmark: _Toc13820625]Band n96 LNA has to supports a wider spectrum compared to band n46. A wideband LNA should provide a wideband impedance matching to the antenna, gain, good linearity and low noise figure. The matching of the circuit becomes a challenge, the input return loss  will increase in order to cover the wide bandwidth. Similarly, the wider bandwidth will lower the Q-factor, which will increase the noise figure of the receiver. Consequentially the increase of the NF will affect directly the receiver reference sensitivity.
Observation 1:	The wider bandwidth will lower the Q-factor, which will increase the noise figure of the receiver. Consequentially the increase of the NF will affect directly the REFSENS
Due to these challenges for the receiver when considering a wider BW in band n96 compared to band 46, we propose to have a margin of 0.5 dB as provided in Table 1.
Table 1: Reference Sensitivity requirement for n46 and n96
	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	20 MHz (dBm)
	40 MHz (dBm)
	60 MHz (dBm)
	80 MHz (dBm)

	n46
	15
	-89.7
	-86.6
	
	

	
	30
	-89.9
	-86.7
	-84.8
	-83.6

	n96
	15
	-89.2
	-86.1
	
	

	
	30
	-89.4
	-86.2
	-84.3
	-83.1



Proposal 1:	For band n96 a margin of 0.5 dB should be considered compared to band n46 for the REFSENS requirement, as shown in Table 1.
3	Conclusions
This contribution provides our view on the REFSENS values for band n96. In summary, we have made the following observation and proposals:
Observation 1:	The wider bandwidth will lower the Q-factor, which will increase the noise figure of the receiver. Consequentially the increase of the NF will affect directly the REFSENS
Proposal 1:	For band n96 a margin of 0.5 dB should be considered compared to band n46 for the REFSENS requirement, as shown in Table 1.
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