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Introduction
	 REFSENS is one of the critical parameters for RX chain of the user equipment. This document is a supplement to R4-1702996 but focus is on above-6 GHz mmW applications. Although band definition has not been made by 3GPP, the way in which REFSENS should be defined is highlighted in the document. 
Discussion on above-6 GHz REFSENS 
	Although band definition has not been made by 3GPP RAN 4, for above-6 GHz, the following frequency ranges are discussed with TDD as duplex mode. 

· 24.25 – 29.5 GHz 
· 31.80 – 33.4 GHz 
· 37.00 – 40.00 GHz 
  
	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:
REFSENS (dBm) = kTB + NF + SNR + IM – MIMO gain ------------ (eq. 1)

· kTB is the thermal noise level 
· specified bandwidth (B)
· NF is the prescribed maximum noise figure for the receiver
· SNR is the requirement for the chosen modulation and coding scheme
· IM is the implementation margin 
· MIMO gain represents the diversity gain (2RX)

The above definition was adapted from LTE standards and fits sub-6 GHz. For new radio 5G above-6 GHz, the formula needs to be changed as shown below: 

REFSENS (dBm) = KTB +NF + SNR+ IM – effective RX signal BF gain – MIMO gain                                                  																						------------ (eq. 2)

· Effective RX signal BF gain is achieved by receiving antenna system. 

Proposal 1: Effective RX signal BF gain is implementation specific and the method to realize this gain for RX signal should not be specified as any form of requirement in RAN 4 NR standard. However, it is mandatory that all companies agree on the values for this parameter while deriving final REFSENS value.  
Proposal 2: The following topics should be studied further w.r.to “effective RX signal BF gain”
· Quantification methodology – for example: 
 Consideration of bore sight / non-bore sight of antenna system 
 Non-bore sight angular window definition 
 Spherical area around UE (full/partial) 
· Effective Isotropic Sensitivity (EIS) definition (AZ, EL) 

Proposal 3: Diversity/MIMO gain with 4 RX for mmW applications is FFS. This requirement will surely add complexity to UE implementation. 

	Aside from open proposals 1-3 as mentioned above, in the following table, an example of what RAN 4 NR specification could consider as REFSENS values for above-6 GHz is elaborated. By following description in equation 2, 
 With 2RX MIMO gain of 2.2 dB 
 With effective RX signal BF gain of 9 dB (strictly from bore sight) 
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** denotes values added here as initial proposals and RAN 4 NR must agree on them before finalizing REFSENS values. The numbers found above are subject to implementation difficulties and may require further corrections. The aim of the calculations is to provide the direction in which RAN 4 NR should progress further. 
Proposal 4:
	There may be band specific exceptions which need to be further studied. Sub-band sensitivity requirement is FFS. High SNR sensitivity requirement is FFS. Measurement reference channel definition is FFS.  
Conclusion
Proposal 1: Effective RX signal BF gain is implementation specific and the method to realize this gain for RX signal should not be specified as any form of requirement in RAN 4 NR standard. However, it is mandatory that all companies agree on the values for this parameter while deriving final REFSENS value.  
Proposal 2: The following topics should be studied further w.r.to “effective RX signal BF gain”
· Quantification methodology – for example: 
 Consideration of bore sight / non-bore sight of antenna system 
 Non-bore sight angular window definition 
 Spherical area around UE (full/partial) 
· Effective Isotropic Sensitivity (EIS) definition (AZ, EL) 

Proposal 3: Diversity/MIMO gain with 4 RX for mmW applications is FFS. This requirement will surely add complexity to UE implementation. 
Proposal 4:
	There may be band specific exceptions which need to be further studied. Sub-band sensitivity requirement is FFS. High SNR sensitivity requirement is FFS. Measurement reference channel definition is FFS.  

Proposal 5:
	RAN 4 NR should take the following numbers as reference for further agreements with respect to RX REFSENS for above-6 GHz.
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[Parameters 100 MHz 200 MHz 400 MHz
KTB (per Hz) -174) -174) -174)
B scaling factor for MHz 60 60 60
B in MHz 100 200| 400
KTB (final) in dBm 94 91 -88
NF in dB 9| 9| 9|
QPSK SNR in dB 3 3 3
64 QAM SNR in dB 20 20 20
MindB 4 4 4
‘i:’d;ffectwe RX signal BF gain N N N
MIMO gain 2 RX in dB 2.2] 2.2] 2.2]
QPSK REFSENS (2RX) in

dBm -89) -86| -83
64-QAM REFSENS (2RX) in

dBm -72, -69| 66|
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