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1	Introduction
The FR2 REFSENS requirement definition has been discussed recently [1-3]. Agreement on a single value for peak EIS has not been found yet, but a range was approved for both 28 and 39 GHz frequencies [3], with plans is to discuss and narrow it down in upcoming meetings. However, no progress was made during RAN4 AH-1801.

This paper summarizes the latest agreements for FR2 REFSENS of handheld UEs and details our proposed data driven approach for finalizing the beam peak EIS requirement. 
2	Discussion
2.1	Background
In RAN4 #84 [1], equation agreements were made to derive peak EIS level. As in power class, options were presented on how to define the requirement. To this end, companies presented their peak EIS values during RAN4 #84Bis [2], but no agreement was reached and companies requested time to discuss the numbers.

Agreements from RAN4 #84 [1]:
· 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.
· Option 3 : Defined as Beam Peak and CDF EIS combinations


Meeting report for RAN4 #84Bis [2]:
· Chair asked if an average of the reported values -94. 2 could be taken as possible agreement for 50 MHz channel bandwidth for n257 and n258
· Companies expressed needing time to discuss this number


Several companies presented their contributions for beam peak EIS during November’s RAN4 #85 meeting. Due to the significant variation in implementation losses, the peak EIS requirement could not be finalized. However, a range of values both at 28 and 39 GHz was approved in the way forward [3]. Finally, in AH-1801 only three companies submitted contributions [4-6] and no new agreement or way forward was made.
Agreements from RAN4 #85 [3]:
· For 28 GHz, the beam peak EIS range is [-92.1 to -85.4] dBm
· For 39 GHz, the beam peak EIS range is [-91.8 to -82.6] dBm
· Companies are encouraged to provide additional analysis to finalize beam peak EIS definition for both bands

2.2	Analysis of reported beam peak EIS
Implementation loss has proven to be a controversial parameter in both peak EIRP and EIS derivations. A deeper analysis on implementation losses that includes measurements at 39 GHz is presented in our peak EIRP paper [7]. It underlines the impact the form-factor integration has on the overall implementation losses. The measurements presented conclude that by taking some integration aspects into account (incorporating a glass layer), the form-factor integration loss is 5 dB at 39 GHz. These measurements did not include all the losses and impairments of a fully integrated package; once accounted for, the form-factor integration loss is expected to increase. 

Table 1: Proposed beam peak EIS at 28 GHz [3]
	
	Intel
	LGE
	Huawei
	MediaTek
	Qualcomm

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

	10log(Rx BW) [dB]
	76.99
	76.77
	76.99
	76.99
	76.99

	Effective realized antenna array gain [dB]
	8
	10
	9
	7
	8.7

	Diversity Gain [dB]
	0
	0
	0
	0
	0

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

	NF [dB]
	10
	10
	10
	9
	10

	Total implementation loss [dB]
	9.6
	8.5
	7
	6.7
	4.6

	Form factor de-sense (FFD)
	1
	-
	-
	-
	-

	Sensitivity EIS [dBm]
	-85.41 
	-89.73
	-90.01
	-89.31
	-92.11



With form-factor integration being just part of the total implementation losses, we anticipate the total implementation losses to be larger. If we analyse the 28 GHz reported beam peak EIS data found in Table 1, we see that even as we scale for 28 GHz, a 4.6 dB implementation loss probably underestimates the integration impact or does not provide enough margin for worst-case implementation. The almost 7 dB range in reported beam peak EIS values in Table 1 is mainly due to the variation of the implementation loss parameter.

Observation 1: The worst-case total implementation losses used to derive beam peak EIS must properly account for the form-factor integration impact of the package. This will help achieve better alignment in the implementation loss parameter and peak EIS.

Having covered an important aspect to help us align on the peak EIS requirement, we will now discuss the data-driven approach we will use to narrow down the agreed ranges. Just like peak EIRP, peak EIS is a full system spec with many independent random variables embedded in its derivation. Averaging the agreed ranges would fail to properly represent the system and could risk creating a stringent UE integration requirement that may lead to low passing rates. Therefore, we propose using a statistical analysis to narrow the ranges. 

Observation 2: Given it is a full system spec, we should use a statistical approach to finalize the minimum peak EIS requirement. This will ensure a reasonable integration requirement for handheld devices.

To illustrate and help us analyse the reported data, Figure 1 shows a distribution of the peak EIS results at 28 GHz. The numbers of the distribution are found in Table 2.



Figure 1: Distribution of reported beam peak EIS at 28 GHz 

Table 2: Beam peak EIS distribution at 28 GHz
	Data Distribution @ 28GHz

	%
	beam peak EIS [dBm]

	0.0
	-92.11

	0.1
	-91.27

	0.2
	-90.43

	0.3
	-89.95

	0.4
	-89.84

	0.5
	-89.73

	0.6
	-89.56

	0.7
	-89.39

	0.8
	-88.53

	0.9
	-86.97

	1.0
	-85.41




For 28 GHz, the agreed peak EIS range is from -92.1 to -85.4 dBm [3]. Since this limit will be imposed as FTA and regulatory limits (in some countries), we need to make sure that the number we choose inside this range allows for a reasonable device passing rate. If we look at the 90th percentile in Figure 1, its peak EIS value is -86.97 dBm, which is within the approved range. 

Observation 3: The 90th percentile (representing 90% device passing rate) of the reported beam peak EIS values for handheld UE at 28 GHz is -86.97 dBm.

Proposal 1: Given the prior agreement on the range of beam peak EIS values for consideration of the REFSENS requirement, we propose the value at 28 GHz to be -86.97 dBm. 

We will now follow the same statistical analysis for the 39 GHz reported results for beam peak EIS. These results are summarized in Table 3.




Table 3: Reported beam peak EIS at 39 GHz [3]
	
	Intel
	LGE
	Huawei
	MediaTek
	Qualcomm

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

	10log(Rx BW) [dB]
	76.99
	76.77
	76.99
	76.99
	76.99

	Effective realized antenna array gain [dB]
	7.5
	9
	9
	8.5
	10.4

	Diversity Gain [dB]
	0
	0
	0
	0
	0

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

	NF [dB]
	11
	11
	12
	10.5
	11.6

	Total implementation loss [dB]
	10.9
	9.5
	8
	7.7
	5.0

	Form factor de-sense (FFD)
	1
	-
	-
	-
	-

	Sensitivity EIS [dBm]
	-82.61 
	-86.73
	-87.01
	-88.31
	-91.81



The range of reported beam peak EIS is over 9 dB. Again, this is partly due to the variability in implementation losses. We note that the measured partial integration loss at 39 GHz was 5.0 dB. This means a 5.0 dB total implementation loss may fail to properly account or provide a margin for the worst-case scenario total losses. The figure below shows the distribution of the reported results at 39 GHz, and Table 4 has the distribution data.


Figure 2: Distribution of reported beam peak EIS at 39 GHz

Table 4: Beam peak EIS distribution at 39 GHz
	Data Distribution @ 39GHz

	%
	beam peak EIS [dBm]

	0.0
	-91.81

	0.1
	-90.41

	0.2
	-89.01

	0.3
	-88.05

	0.4
	-87.53

	0.5
	-87.01

	0.6
	-86.90

	0.7
	-86.79

	0.8
	-85.91

	0.9
	-84.26

	1.0
	-82.61


The approved range at 39 GHz is from -91.8 to -82.6 dBm [3]. The 90th percentile from the distribution in Figure 2, yields a peak EIS of -84.26 dBm, which is within the approved range.

Observation 4: The 90th percentile (representing 90% device passing rate) of the reported beam peak EIS values for handheld UE at 39 GHz is -84.26 dBm.

Proposal 2: Given the prior agreement on the range of beam peak EIS values for consideration of the REFSENS requirement, we propose the value at 39 GHz to be -84.26 dBm.

3	Conclusions
In this paper we presented our views on a suitable approach to finalize the beam peak EIS REFSENS requirement for handheld UEs. The following observations and proposals have been made:

Observation 1: The worst-case total implementation losses used to derive beam peak EIS must properly account for the form-factor integration impact of the package. This will help achieve better alignment in the implementation loss parameter and peak EIS.

Observation 2: Given it is a full system spec, we should use a statistical approach to finalize the minimum peak EIS requirement. This will ensure a reasonable integration requirement for handheld devices.

Observation 3: The 90th percentile (representing 90% device passing rate) of the reported beam peak EIS values for handheld UE at 28 GHz is -86.97 dBm.

Proposal 1: Given the prior agreement on the range of beam peak EIS values for consideration of the REFSENS requirement, we propose the value at 28 GHz to be -86.97 dBm.

Observation 4: The 90th percentile (representing 90% device passing rate) of the reported beam peak EIS values for handheld UE at 39 GHz is -84.26 dBm.

Proposal 2: Given the prior agreement on the range of beam peak EIS values for consideration of the REFSENS requirement, we propose the value at 39 GHz to be -84.26 dBm.
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Distribution of peak EIS proposals - 28 GHz
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