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Background
This contribution is a resubmission of [1] adjusted for SNR= -1dB as approved in [2].
In RAN4#84 the following was approved in [3].
· Definition of Sensitivity equation in mmWave
· RAN4 can derive the REFSENS requirement based on alignment on the peak EIS level equation and the options listed in slide #6
· Sensitivity = -174dBm(kT) + 10*log(Max. RX BW) + NF – Total Ant. gain - diversity/polarization gain + SNR + ILs
· In here, Total ant. gain = element gain + beamforming gain
· ILs: Implementation Losses
· Max. RX BW: Max. Received Bandwidth


According to chairman notes from RAN4 NR#3 [4]:
· Possible WF proposed by session chair
· Agreement: Two requirements for EIS for the peak and supplemental spherical coverage
· EIS for the peak
EIS for spherical coverage which is determined in the next meeting.

[bookmark: _Ref484778786]EIS calculation
The equation in [3] is copied below:


In this document we will use simulated antenna data and therefore “array gain” and “diversity gain” are included in the simulations. Radome losses (plastic losses) in the order of [1 – 3] dB need to be accounted for. We have used 3dB radome losses.
Assuming a Nf = 10dB, channel BW = 100 MHz and a minimum SNR = -1dB gives a “conducted” PRX  (single input)
 
Note 1: In order to show expected nominal performance no implementation margin is added. This is otherwise suggested to be 3dB.
Note 2: We have used 100MHz RX BW as an example. Other BW than 100 MHz is obtained by scaling.
Maximum ratio combining (MRC) 
According to WF [11] REFSENS shall be based on maximum ratio combining (MRC). For UE2 switched diversity is assumed where the two best beams from top/left pair or bottom/right pair dipole arrays are maximum ratio combined. For UE1 switched diversity where the best beam from front or backside patch panel is assumed. A fix diversity gain of 2.2 dB is added.
[bookmark: _Ref492913000]Implementation margin
Example values for REFSENS should include some implementation margin. In the below calculation we use 3dB which accounts for phase shifter implementation loss (1dB discussed in [6]) and channel estimation implementation loss (2dB). Ohmic losses e.g. due to radome is included as described above. Gain variation over the frequency band was studied in [10] and the estimation is 2dB for the patch array and 1dB for the dipole array in the 28GHz band. Those figures has to be taken into account as we discuss maximum levels for REFSENS.
Summary of hand calculations
Summary of hand calculations are found in Table 1
	Parameter
	Unit
	UE1
	UE2

	Transmission BW
	MHz
	100
	100

	NF
	dB
	10
	10

	Other losses (radome losses)
	dB
	3
	3

	Required SNR
	dB
	-1
	-1

	“Conducted” sensitivity (single RX)
	dBm
	-82
	-82

	Diversity gain (estimation)
	dB
	2.2
	1.5

	Number of antenna elements in an array
	 
	4
	4

	Effective BF gain
	dB
	6
	6

	Number of antenna arrays in the UE
	
	2
	4

	Single element gain
	dBi
	5
	3

	Gain variation with frequency
	dB
	2
	1

	Implementation loss
	dB
	3
	3

	Peak sensitivity EIS (bore sight)
	dBm
	-90
	-88


[bookmark: _Ref492912457]Table 1. Summary of hand calculations 100MHz transmission BW
Simulation setup
The same two hybrid beamforming cases as used in [8] are simulated, each having total 16 antenna ports and two digital ports. Beamforming use 4 element/ports for each polarization. The antennas investigated are examples of potential configurations:
1. Two 2x2 dual polarized patch matrixes. One on front of smart phone and one on rear side. Total 16 ports.
2. Four 4x1 linear arrays. One on each side of the side of the smartphone. Antenna elements are edge mounted single polarized dipole antennas. Total 16 ports
Each array is assumed to have 5 discrete possible beam settings (lookup table phase shifter). The simulation is done in free space. Perfect polarization match is assumed between base station and UE antennas (i.e. base station is assumed to have dual polarized antennas). The simulated antenna arrangements are shown in
[image: ][image: ]

[bookmark: _Ref481593092]Figure 1. Antenna arrangements used for simulations. UE1 (left) and UE2 (right).


Result

EIS
[bookmark: _GoBack]The cumulative distribution function (CDF) for the two antenna configurations is shown in Figure 2, using the assumption made in chapter 2 regarding conducted sensitivity and 100MHz BW. Note that the CDF in Figure 2 shows simulated performance without any implementation margin or gain variation over frequency added.
REFSENS specification
According to chairman notes [4] REFSENS and spherical coverage should be decoupled. We propose to use the 10% percentile for REFSENS.
Proposal 1: REFSENS shall at be specified for the 10% percentile point.
Spherical coverage
There has been arguments that spherical coverage requirement is not needed for EIS since spherical coverage will be ensured by EIRP requirement. These arguments are based on the assumption of antenna reciprocity. For some antenna arrangements (e.g. UE1) this may be almost correct. However, for other antenna arrangements (e.g. UE2) the signals from two antenna arrays are combined for RX but transmitting is done by using only one antenna array. 
However, it may be a way forward in order to conclude the specification in rel-15 timeframe to postpone EIS spherical coverage to rel-16. Anyhow, in case spherical coverage will be specified in rel-15 timeframe we believe the 80% percentile point will be a compromise between assuring the spherical coverage on one side and verification and design challenge on the other side. We therefore propose the 80% percentile is chosen for spherical coverage requirement in case it will be included in the specification. 
Proposal 2: In case EIS spherical coverage shall be specified it shall be at the 80% percentile point. 
By observing the spread over the CDF curve there is no need to define requirement for more than two percentiles including the REFSENS requirement. 
Observation 1: There is no need to specify EIS for more than two percentile points including REFSENS and spherical coverage. 
[image: ]
[bookmark: _Ref484778645][bookmark: _Ref481655897]Figure 2. EIS for patch arrays (UE1) and dipole arrays (UE2). Simulated performance maximum ratio combining configurations based on conducted sensitivity of -82dBm. Note no IM or frequency dependence is included.

Example values for REFSENS should include some implementation margin. It is also recommended to account for different antenna implementations. Applying this to the simulation result above, where the most conservative number between the two antenna configurations has been used is shown in Table 2. A 3dB implementation margin and gain variation with frequency as discussed in section 2.2 has been added. 
	Transmission BW
	100MHz

	REFSENS (10%)
	-88dBm

	Spherical coverage (80%) if specified
	-81dBm


[bookmark: _Ref484788866]
[bookmark: _Ref490210830]Table 2. Example of REFSENS specification for 28GHz band.

[bookmark: _Ref481689103]HW implementation aspects
The above simulation is done for ideal conditions. In a real implementation the number of antennas and the freedom to place antennas in a UE could be limited. Implementation margins has to be further discussed.
Conclusion
REFSENS have been studied for two different antenna configurations, patch arrays and linear dipole arrays, for the 28GHz band. Example numbers of REFSENS has been shown. The following observation and proposals are made:
Proposal 1: REFSENS shall at be specified for the 10% percentile point.
Proposal 2: In case EIS spherical coverage shall be specified it shall be at the 80% percentile point.
Observation 1: There is no need to specify EIS for more than two percentile points including REFSENS and spherical coverage.
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