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Background
In RAN4#83 in Hangzhou antenna configuration and receiver performance was discussed [1], [2], [3], [4], [5], [6], [7] and [8]. A way forward on UE ref architecture was approved in [9]:
	Agreements
· In Rel-15 UE in the 28GHz mmWave 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.



In this contribution REFSENS for mmWave 28 GHz band will be studied using the antenna configurations presented in [1] as a basis. In this document smart phone UE is studied (eMBB use case). 
[bookmark: _Ref484778786]EIS calculation
In order to present the simulated antenna performance in a CDF format expressed in EIS with [dBm] scale the receiver performance need to be estimated. In [10] the below equation was proposed to determine PEIS:
 
(Note: detailed explanation of respective term is found in [10])
In this document we will use simulated antenna data and “array gain”, “beam pointing loss” and “diversity gain” are included in the simulated “antenna gain”. Especially “diversity gain” is included since the simulation is based on maximum ratio combining (MRC). “Beam pointing loss” is included in the simulation since we use a finite set of possible beams and the simulation is set up with very dense sampling grid. Note that for a real conformance test measurement the number of sampling points need to be further studied in order not to introduce unacceptable measurement errors. “Other losses” accounts for radome losses (plastic losses). Radome losses are in the order of [1 – 2] dB. We have used 2dB radome losses which are added to the result.
Assuming a Nf = 10dB, channel BW = 100 MHz and a minimum SNR = -3dB (QPSK single RX) gives a “conducted” PRX
 
Note 1: In order to show expected nominal performance no implementation margin is added. This is otherwise suggested to be 3dB.
Note 2: PRX for other BW than 100 MHz is obtained by scaling.

Simulation setup
The same two hybrid beamforming cases as used in [1], each having total 16 antenna ports and two digital ports (see Figure 2) are simulated. Beamforming use 4 element/ports for each polarization. The antennas investigated are:
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). Thus there are 10 possible beams for each polarization, total 20 beams for UE1. UE2 has 20 possible beam directions. The simulation is done in free space. Perfect polarization match is assumed between base station and UE antennas.
[image: ]
[bookmark: _Ref481504624]Figure 1. Two dual polarized patch antennas (left), four uncorrelated single polarized linear dipole arrays (right)

Maximum ratio combining (MRC) 
According to WF [8] REFSENS shall be based on maximum ratio combining (MRC). For the MRC simulation there are two baseband receivers connected to each polarization (maximum ratio combining diversity). Switched diversity is assumed where the best beam (dual polarized) is chosen from front or backside patch panel (UE1) versus the two best beams from top/left pair or bottom/right pair dipole arrays (UE2). Base station antenna is dual polarized and there is perfect polarization match between UE and base station.
Result
Scan pattern
Maximum ratio combining scan pattern for patch arrays (UE1) is shown in Figure 2 and for dipole arrays (UE2) in Figure 3. For the maximum ratio combining two beams, one in each polarization, are received and combined in the baseband. This is similar to rank1 diversity in legacy LTE. Comparing Figure 2 and Figure 3 the patch array configuration has better sensitivity in the reference boresight (perpendicular to front or rear) whereas the linear dipole arrays have better total coverage.
[image: ] [image: ]

[bookmark: _Ref481593092]Figure 2. Maximum ratio combining pattern for the patch antenna arrays, 5 beams per array (UE 1).

[image: ][image: ]
[bookmark: _Ref481593166]Figure 3. Maximum ratio combining pattern for the linear dipole arrays, 5 beams per array (UE 2).

EIS
The cumulative distribution function (CDF) for the two antenna configurations is shown in Figure 4, using the assumption made in chapter 2 regarding conducted sensitivity and 100MHz BW. Again it could be seen both antenna configurations have its pros and cons. Many more antenna configurations, including combinations of patches and dipoles, could be possible but in this document we want to show the general principles with text book antennas. Note that the CDF in Figure 4 shows simulated performance without any implementation margin added.
1.1.1 CDF percentile values for REFSENS specification
Firstly the spread over the CDF curve is considered. The value for the 10% percentile in the CDF (refers to almost boresight direction) would be -98dBm for UE1 and -95dBm for UE2 and the value for the 90% percentile (refers to almost full sphere) are -89dBm for UE1 and -91dBm for UE2. Considering to small delta between the 10% and the 90% percentiles there is no need to define requirement for more than two percentiles. If e.g. 20%/80% percentiles are considered the delta is even smaller.
Observation 1: There is no need to specify REFSENS for more than two percentile points. 
The 10% (or 20%) percentile in the CDF (refers to almost boresight direction) is essential for link budget estimations and need to be specified. In this sense we think 10% percentile is better to specify. There will probably also be an advantage in verification/test methods by specifying 10% percentile over specifying the 20% percentile.
The 90% (or 80%) percentile values will show performance close to omnidirectional coverage. Considering the challenge to test the lower percentile the need for specifying 90% or 80% percentile should to be clearly motivated. The 90% percentile will imply very high design challenge in a real implementation and therefore, if a higher percentile value need to be tested the 80% percentile should be chosen.
Proposal 1: REFSENS shall at least be specified for the 10% percentile. Specification of an additional percentile is FFS.
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[bookmark: _Ref484778645][bookmark: _Ref481655897]Figure 4. EIS for patch arrays (UE1) and dipole arrays (UE2). Simulated performance maximum ratio combining configurations.

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 1. A 3dB implementation margin has been added and BW scaling for other than 100MHz channel BW is applied. 

	Channel BW
	50
	100
	200
	400

	REFSENS (10%)
	-95dBm
	-92dBm
	-89dBm
	-86dBm

	REFSENS (80%) if needed
	[-90dBm]
	[-87dBm]
	[-84dBm]
	[-81dBm]


[bookmark: _Ref484788866]
Table 1. 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 freedom to place antennas in a UE could be limited. Implementation margins has to be considered and discussed further.
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 proposal are made:
Observation 1: There is no need to specify REFSENS for more than two percentile points.
Proposal 1: REFSENS shall at least be specified for the 10% percentile. Specification of the additional percentile is FFS.
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