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1	Introduction
There was an initial discussion [1] on the direction of blockers in several receiver performance measurement, i.e. Out of band blocking, In-band blocking, and ACS. Also there was a contribution in the previous meeting for ACS and blocking requirements [2], in which the proposal was made that the blocking requirement should be defined on both wanted signal and the blocker come from the same direction. 
In the contribution, we discuss a basic analysis and show side-lobe could play an import role in defining a receiver performance in antenna array. 

2	Discussion
To investigate how radiation patterns look like in antenna array, a simulation was performed with following conditions:

· Uniform rectangular array with isotropic antenna
· 10 x 10 antenna elements
· ½- spacing for each antenna element
· 35GHz signal frequency
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Figure 1 Illustration of the array geometry (left) and its radiation pattern with no steering (right)

From the simulation, gain of the main lobe is 21.7dB and the gain of the first side lobes are 8.7dB with ±17-degree directions. Since the simulation assumes isotropic antenna element, 13dB side lobe rejection (= the gain of the main lobe – the gain of the first side lobe) is the maximum theoretical number and would be decreased in a realistic situation in which rectangular patch elements will be used.
The table below shows a summary of first side lobe rejections and its angles for (N x N) antenna array.

	N
	Main Lobe Gain (dB)
	First Side Lobe Gain (dB)
	Rejection (dB)
	First Side Lobe Angle (deg)

	3
	10.5
	0.9
	9.6
	±90

	4
	13.5
	2.2
	11.3
	±47

	5
	15.3
	3.2
	12.1
	±35

	6
	17.2
	4.7
	12.5
	±29

	7
	18.4
	5.7
	12.7
	±24

	8
	19.7
	6.9
	12.8
	±21

	9
	20.7
	7.7
	13.0
	±19

	10
	21.7
	8.7
	13.0
	±17

	11
	22.5
	9.5
	13.0
	±15

	12
	23.3
	10.3
	13.0
	±14

	13
	24.0
	10.9
	13.1
	±13

	14
	24.7
	11.6
	13.1
	±12

	15
	25.3
	12.1
	13.2
	±11

	16
	25.9
	12.7
	13.2
	±10


Table 1 Summary of first side lobe rejections and its angles for (N x N) antenna array

Observation 1: Side lobe rejection is increasing according to the number of antenna array and saturated around 13dB.

Observation 2: The first side lobe angle is decreasing according to the number of antenna array.

From the two observations, side lobe rejection will be limited by certain number (13dB in this situation) even for larger number of array and the location of the first side lobe is closer to the main lobe for increasing number of antenna array. With small amount of antenna steering error, a blocking situation would happen for larger antenna array and the first side lobe could play an import role.

Proposal 1: A blocker coming to the first side lobe direction needs to be took account in blocking and ACS requirements.

Protosal 2: A small amount array antenna steering error could face a blocking situation.

To reduce the test time, we need to limit the arrival angle of the blocker coming to the first side lobe which is the strongest and located closest to the main lobe.

Proposal 3: Study incident angle for various array geometries and decide an incident angle scenario.
3	Conclusions
Side-lobe effect in antenna array could play an important role in blocking and ACS requirement. The goal of this document is put the potential issue on the table and would like to hear how other companies think. The following observations and proposals were made.

Observation 1: Side lobe rejection is increasing according to the number of antenna array and saturated around 13dB.

Observation 2: The first side lobe angle is decreasing according to the number of antenna array.

Proposal 1: A blocker coming to the first side lobe direction needs to be took account in blocking and ACS requirements.

Proposal 2: A small amount array antenna steering error could face a blocking situation.

Proposal 3: Study incident angle for various array geometries and decide an incident angle scenario.
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 Directivity (dBi), Broadside at 0.00 degrees
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