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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 these discussions, alignment is needed on the equation parameters for testing.
Agreements from RAN4 #83 [2]: · 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.

Definition and equation agreements from RAN4 #84 [1]:
· 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

Meeting report for RAN4 #84Bis [3]:
· 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

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 parameters relevant to REFSENS calculations is found below in Table 1.

Table 1: Antenna-related parameters [5]
	Parameter
	Unit
	Value

	Number of antennas in array
	
	4

	Average element gain
	dBi
	4.0

	Effective realized antenna array gain
	dB
	8.0 at 28 GHz
7.5 at 39 GHz 

	Diversity gain
	dB
	2.2

	Worst-case implementation losses (IL)
	dB
	-9.60 at 28 GHz
-10.90 at 39 GHz



The effective realized array gain, which includes realized array gain + roll-off, is 8 dB at 28 GHz, and 7.5 dB at 39 GHz. The implementation loss parameter is more comprehensive than previously reported, with a worst-case value of 9.6 dB at 28 GHz, and 10.9 dB at 39 GHz. It accounts for frequency-dependent degradation, array topology, inter-element pattern differences, material and environment effects, phase shifter implementation, and beam forming losses. This provides a more realistic view of total losses in the device and must be agreed upon to ensure alignment.

Observation 1: To provide a more realistic view of devices and ensure alignment in results, all worst-case losses must be accounted for in the implementation loss (IL) parameter.

2.2	Sensitivity equation parameters and EIS calculation
The sensitivity equation shown below is comprised of seven terms. The group 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 [6] for further NR REFSENS requirement discussions. 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 [7]. Also, add the outcome of the spectrum utilization discussion in [8], and it is clear that the REFSENS requirement may be defined as a function of bandwidth and subcarrier spacing. 

Observation 2: REFSENS requirement may be defined as a function of bandwidth and subcarrier spacing.

Using these parameters, Table 2 lists the calculated EIS results at 28 GHz. The term form factor de-sense is set to 1dB.  FFD is a system-level effect commonly seen in heavily integrated form factors like mobile phones. It quantifies the impact of other active circuits on the radiated sensitivity, including display, memory devices, and other analog/digital subsystems.

Table 2: EIS calculated results (peak) 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

	Effective realized antenna array gain [dB]
	8
	8
	8
	8

	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]
	9.6
	9.6
	9.6
	9.6

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

	Sensitivity EIS [dBm]
	-87.61
	-84.60
	-81.59
	-78.58


The results in Table 2 help establish a good baseline for peak EIS. Using the parameters for 39 GHz performance, Table 3 presents the calculated EIS for several channel bandwidths. The NF used is 11 dB.

Table 3: Sensitivity equation parameters (peak) 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

	Effective realized antenna array gain [dB]
	7.5
	7.5
	7.5
	7.5

	Diversity Gain [dB]
	2.2
	2.2
	2.2
	2.2

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

	NF [dB]
	11
	11
	11
	11

	IL [dB]
	10.9
	10.9
	10.9
	10.9

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

	Sensitivity EIS [dBm]
	-84.81 
	-81.80
	-78.79
	-75.78



Having completed calculations for both 28 and 39 GHz bands, below the group provides tables from co-signing companies for peak EIS at 28 GHz and 39 GHz, with a 50 MHz channel bandwidth.

Table 4: Summary of reported EIS (peak) at 28 GHz for 50 MHz CBW
	
	Company A
	Company B
	Company C

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

	10log(RxBW) [dB]
	76.99
	76.77
	76.99

	Effective realized antenna array gain [dB]
	8
	10
	9

	Diversity Gain [dB]
	2.2
	2.2
	2.2

	SNR [dB]
	-1
	-1
	-1

	NF [dB]
	10
	10
	10

	IL [dB]
	9.6
	8.5
	10.8

	Form factor de-sense (FFD)
	1
	-
	1

	Sensitivity EIS [dBm]
	-87.61 
	-91.93
	-87.41 












Table 5: Summary of reported EIS (peak) at 39 GHz for 50 MHz CBW
	
	Company A
	Company B
	Company C

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

	10log(RxBW) [dB]
	76.99
	76.77
	[bookmark: _GoBack]76.99

	Effective realized antenna array gain [dB]
	7.5
	9
	8.5

	Diversity Gain [dB]
	2.2
	2.2
	2.2

	SNR [dB]
	-1
	-1
	-1

	NF [dB]
	11
	11
	11

	IL [dB]
	10.9
	9.5
	12.1

	Form factor de-sense (FFD)
	1
	-
	1

	Sensitivity EIS [dBm]
	-84.81
	-88.93
	-84.61










The summary presented in Table 4 and Table 5 expands on the Chair’s note (average values) and will be useful in alignment discussions.

Considering the implementation of the peak EIS core requirements in a certification program for NR UEs, such as GCF, a UE supporting a given set of NR bands must pass the minimum EIS conformance limits for all bands in order to pass the certification.  In LTE OTA requirement development efforts, such as TRP/TRS and MIMO OTA, a joint band passing rate framework has been applied to measured data pools to quantify passing rates for a given limit. However, the task of defining the minimum requirement for peak EIS for NR FR2 does not have the benefit of such data pool availability due to limitations in device availability.

Observation 3: In order to mitigate the risk of adopting a peak EIS core requirement which potentially may result in high conformance failure rates of NR FR2 UEs undergoing certification, a proposal for the peak EIS based on the minimum proposed value among the co-signing companies is preferred.

Proposal 1: Base agreement discussions for peak EIS on the data provided in Table 4 and Table 5, where the peak EIS is taken as the maximum among the co-signing companies.

2.3	REFSENS requirement definition
It is clear from our discussions that standardization of REFSENS needs to consider practical assumptions for the parameters used in the sensitivity calculations. This alignment is essential before REFSENS specification is set. For proper discussions, we should edit the previously agreed definition options [1]. The definition must include peak EIS, as this one will be needed regardless of spatial coverage. 

Proposal 2: Use beam peak EIS for REFSENS definition.

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: To provide a more realistic view of devices and ensure alignment in results, all worst-case losses must be accounted for in the implementation loss (IL) parameter.

Observation 2: REFSENS requirement may be defined as a function of bandwidth and subcarrier spacing.

Observation 3: In order to mitigate the risk of adopting a peak EIS core requirement which potentially may result in high conformance failure rates of NR FR2 UEs undergoing certification, a proposal for the peak EIS based on the minimum proposed value among the co-signing companies is preferred.

Proposal 1: Base agreement discussions for peak EIS on the data provided in Table 4 and Table 5, where the peak EIS is taken as the maximum among the co-signing companies.

Proposal 2: Use beam peak EIS for REFSENS definition.


4	References
[1] [bookmark: _Ref466239739][bookmark: _Ref485282685][bookmark: _Ref466239850]R4-1709140, “WF on REFSENS for mm-wave,” LG Electronics, Huawei, Sumitomo, Sony, Ericsson, Skyworks, Intel Corporation, KT, MediaTek, 3GPP RAN4 #84, August 2017
[2] R4-1706067, “WF on UE Reference Architecture,” Sony, Skyworks Solutions Inc., LG Electronics, 3GPP RAN4 #83, May 2017
[3] R4-17xxxxx, “ RAN4#84Bis Meeting report,” October 2017
[4] R4-1708914, “WF on Power Class and CDF,” NTT DOCOMO Inc., 3GPP RAN #84, August 2017
[5] R4-1712319, “UE power class for FR2,” Intel Corporation, Apple Inc., OPPO, Samsung, LGE, Xiaomi, MediaTek, Motorola, Huawei, 3GPP RAN4 #85, November 2017
[6] R4-1709951, “Way forward on NR REFSENS SNR simulation assumptions,” Huawei, Intel, 3GPP RAN4 WG4 NR#3, September 2017
[7] R4-1708845, “WF on UE mandatory channel bandwidth,” Nokia, 3GPP RAN4 #84, August 2017
[8] R4-1709075, “WF on spectrum utilization,” Samsung, Qualcomm, Intel Corp., Ericsson, Nokia, ZTE., 3GPP RAN4 #84, August 2017
4/5
