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1	Introduction
In the RAN4 #84 meeting, NR reached a WF for reference sensitivity at mm-wave [1]. Several things were agreed in a WF on UE reference architecture [2]. This paper covers current agreements on REFSENS for mm-wave and discusses our views on important parameters needed for sensitivity calculations and defining EIS.
2	Discussion
2.1	Background
REFSENS equations and test parameters have been discussed to derive REFSENS RF requirements in mm-wave. Based on discussions, alignment is needed on this equation and its parameters for testing.
From RAN4 #83 [3]: Agreements
· In Rel-15 UE in the 28GHz mm-wave range NR
· REFSENS requirement shall be based on DL MRC diversity (rank 1 with two receivers).
· FFS whether this apply to all directions.
· UE architecture shall support minimum dual layer (same as LTE rank 2) for demodulation performance requirement. 
· FFS whether this apply to all directions.
· RF architecture support for higher order DL layers is optional.

From RAN4 #84 [1]:
Agreements: 
· Definition of Sensitivity equation in mm-wave
· RAN4 can derive the REFSENS requirement based on alignment on peak EIS level equation and options listed in slide #6
· Sensitivity = -174dBm(kT) + 10*log(Max. RX BW) + NF – Total Ant. gain – diversity gain + SNR + ILs
· Total ant. gain = element gain + beamforming gain
· ILs: Implementation Losses
· Max. RX BW: Max. Received Bandwidth
· Detail REFSENS requirements will be discussed and decided
· Option 1: Defined as beam peak EIS or
· Option 2: Defined as a CDF EIS 
· [A %] EIS CDF: The percentile and # of points of CDF curve will be FFS.
· Option3 : Defined as Beam Peak and CDF EIS combinations



There is significant overlap between mm-wave power class definition and sensitivity equation parameters. The parameters were agreed on the WF for power class and CDF from RAN4 #84 [4]. The list of those parameters that are relevant to REFSENS calculations is found below in Table 1.

Table 1: Antenna-related parameters [8]
	Parameter
	Unit
	Value

	Number of antennas in array
	
	4

	Element gain
	dBi
	5.0

	Ideal array gain
	dB
	11.0

	Polarization gain
	dB
	2.2

	Implementation losses (IL)
	dB
	-8.0 at 28 GHz
-9.0 at 39 GHz



The total antenna gain for 4-elements (under ideal conditions) is 11 dB. The implementation loss parameter is much more comprehensive than previously reported and thus has a higher value of 8 dB of loss at 28 GHz and 9 dB of loss at 39 GHz. It accounts for frequency-dependent degradation, array topology, inter-element pattern differences, material and environment effects, phase shifter implementation, form-factor integration and beam forming losses. This provides are more realistic view of total losses in the device and must first be agreed upon to ensure alignment in results.

Proposal 1: To provide a more realistic view of devices and ensure alignment in results, account for all losses in the implementation loss (IL) parameter. At 28 GHz IL = 8.0 dB; at 39 GHz IL = 9.0 dB.

2.2	Sensitivity equation parameters and EIS calculation
The sensitivity equation shown below is comprised of seven terms. We already covered those related to antenna performance and will use the values and requirements for typical designs discussed in Table 1. 
Sensitivity = -174dBm(kT) + 10*log(Max RX BW) + NF – Total Ant. gain – diversity gain + SNR + ILs
SNR value is tentatively set to -1 dB, as agreed in [5] for further NR REFSENS requirement discussions. This is also possible given all the impairments currently included in the implementation losses. While the channel bandwidths are set to 50, 100, 200, and 400 MHz, it should be noted that there are several channel bandwidth/sub-carrier spacing combinations for mm-wave. Discussions for agreement on scaling and spectral utilization have TBD aspects [6]. Also, add the outcome of the spectrum utilization discussion in [7], and it is clear that the REFSENS requirement may be defined as a function of bandwidth and subcarrier spacing. 

Observation 1: REFSENS requirement may be defined as a function of bandwidth and subcarrier spacing.

With all the parameters now set, we can calculate the sensitivity for various bandwidths. Table 2 lists the results for sensitivity EIS at boresight, at 28 GHz.

Table 2: EIS calculated results (boresight) at 28 GHz
	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

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

	10log(RxBW) [dB]
	76.99
	80.0
	83.01
	86.02

	Total Ant. Gain [dB]
	11
	11
	11
	11

	Diversity Gain [dB]
	2.2
	2.2
	2.2
	2.2

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

	NF [dB]
	10
	10
	10
	10

	IL [dB]
	8
	8
	8
	8

	Sensitivity EIS [dBm]
	-93.21
	-90.2
	-87.19
	-84.18









The results in Table 2 help stablish a good baseline for peak EIS, and based on last meeting’s WF [Chairman’s notes], they are proposed for adoption at 28 GHz. 
Proposal 1: Adopt calculated peak EIS values found in table 2 for 28 GHz.
There is a general consensus for NF at 28 GHz. However, that is not the case at 39 GHz. Like implementation losses, NF is expected to be higher at 39 GHz, but an actual figure has not been discussed. This is FFS and peak EIS at 39 GHz is therefore TBD. Table 3 summarizes the sensitivity equation parameters at 39 GHz.
Observation 2: NF for 39 GHz needs further discussions. Thus, peak EIS calculations at this frequency are TBD.

Table 3: Sensitivity equation parameters (boresight) at 39 GHz
	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

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

	10log(RxBW) [dB]
	76.99
	80.0
	83.01
	86.02

	Total Ant. Gain [dB]
	11
	11
	11
	11

	Diversity Gain [dB]
	2.2
	2.2
	2.2
	2.2

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

	NF [dB]
	FFS
	FFS
	FFS
	FFS

	IL [dB]
	9
	9
	9
	9

	Sensitivity EIS [dBm]
	TBD
	TBD
	TBD
	TBD











2.3	REFSENS requirement definition
From the discussions above, it is clear we need to consider practical assumptions for those parameters used in the sensitivity calculations. This alignment is essential before we can address REFSENS definition. For discussion purposes, we should edit the previously agreed definition options [1]. The options for REFSENS must include peak EIS, as this one will be needed regardless of spatial coverage. As a first option, we can define peak EIS. The second option can focus on EIS CDF for one single point. Realistically speaking, if we think about testing and consider each beam pointing direction, the resulting test time is unacceptably long. Therefore, only one percentile point should be used and it should be the lowest percentile point. This is because it is used as reference signal level and fixed beam direction for blocking tests.

Proposal 2: Consider options below for REFSENS definition
· Option 1: Define beam peak EIS
· Option 2: For CDF, use single percentile point with lowest EIS on CDF power value

In fact, it makes sense to separate both options completely. The first one can be established once more realistic implementation parameters are accounted for. The second one depends on how well alignment is achieved for those parameters. But, if this proves too difficult, it will be best to either postpone it or leave CDF definition for measured results.
3	Conclusions
This paper detailed our views on what is needed to complete REFSENS definition requirements. The following observations and proposals have been made:

Observation 1: REFSENS requirement may be defined as a function of bandwidth and subcarrier spacing.

Proposal 1: Adopt calculated peak EIS values found in table 2 for 28 GHz.

Observation 2: NF for 39 GHz needs further discussions. Thus, peak EIS calculations at this frequency are TBD.
Proposal 2: Consider options below for REFSENS definition
· Option 1: Define beam peak EIS
· Option 2: For CDF, use single percentile point with lowest EIS on CDF power value
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