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Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]This contribution provides estimation of EIRP based on simulation result at mmWave. More than 30 dBm of EIRP can be achieved with the condition of 2-set of 2x2 patch array antenna. This result is helpful for defining NR mmWave requirement. 
 EIRP Simulation 
Condition of the Simulation
Table 1 shows the condition of elector magnetic simulation for mmWave. We consider basic patch antenna which has 6dBi gain in the range of 26.5 GHz to 29.5 GHz. Simulation model is shown in Fig.1. The antenna has V and H port. 2x2 array is configured with the patch antenna. Figure 2 shows simulation model of device and allocation of the array. This simulation model is based on the commercial product, and, 2-set of array are allocated in the device model (position 1 and position 2, or position 1 and position 3). Metal frame are used in this device and casing is plastic.

Table 1.  Simulation condition
	Frequency
	28GHz

	Antenna type 
	Patch antenna

	Thickness of antenna 
	0.6mm

	Antenna gain
	 Over 6dBi (26.5 GHz to 29.5 GHz) 

	Configuration of array
	2x2

	Device model
	Frame : metal

	
	Casing : plastic


[image: ]
Fig.1 Array antenna model (2x2 patch antenna)
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Fig.2 Simulation model






Simulation results
Array gain
Figure 3 show CDF results of array gain. CDF is calculated from full sphere data points which are at each 15 degree step both azimuth and elevation. Fig. 3(a) shows the condition which the arrays are allocated at position 1 and position 2. Fig. 3(b) shows the condition which the arrays are allocated at position 1 and position 3. Maximum array gain is about 11 dBi both sets of array allocations. 
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(a) array gain for set of position 1 and position 2[image: ]

(b) array gain for set of position 1 and position 3
Fig.3 CDF of array gain

Figure 4 shows a configuration of RF front-end. We assume that there are some losses at each component. Feed loss is 1dB, switch loss is 1dB, and filter loss is 2dB. Based on this RF configuration shown in Fig. 4, potential EIRP values are developed, which are shown in Table 2 and 3. Table 2 shows the summary of EIRP in the case of 19 dBm PA output and Table 3 shows the summary of EIRP in the case of 17 dBm PA output, which show mono polarized wave case. As shown in Fig.3, both V and H polarized wave has almost same gain. So, this value can be applicable both V and H polarized wave. The value of PA output is derived from paper [1]. Regarding filter, it is considerable configuration which uses or not use, so, EIRP is calculated in the 2-cases. EIRP for 10 percentile value is 20.5 dBm to 24.5 dBm, for 50 percentile value is 26 dBm to 30 dBm, and for 90 percentile value is 29 dBm to 33 dBm.

[image: ]
Fig.4 RF frontend configuration
Table 2 Summary of assumption of EIRP (PA output = 19dBm)
	CDF
	Array Gain
	Assumed EIRP(w/filter)
	Assumed EIRP(wo/filter)

	10%
	1.5dBi
	22.5dBm
	24.5dBm

	50%
	7dBi
	28dBm
	30dBm

	90%
	10dBi
	31dBm
	33dBm



Table 3 Summary of assumption of EIRP (PA output = 17dBm)
	CDF
	Array Gain
	Assumed EIRP(w/filter)
	Assumed EIRP(wo/filter)

	10%
	1.5dBi
	20.5dBm
	22.5dBm

	50%
	7dBi
	26dBm
	28dBm

	90%
	10dBi
	29dBm
	31dBm




Appendix (other configuration of antenna)
In this chapter, the result of other configuration of antenna is provided. Figure 5 shows the configuration of antenna which is configured by patch antenna and dipole antenna. Simulation is done with the same condition of previous chapter. Figure 6 show the CDF results of the model. Table 4, 5 show the assumption of EIRP at each percentile of CDF. 6-PAs are used in this assumption.


[image: ]
Fig.5 another antenna model (patch antenna + dipole antenna) 
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(a) array gain for set of position 1 and position 2
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(b) array gain for set of position 1 and position 3
Fig.6 CDF of array gain

Table 4 Summary of assumption of EIRP (PA output = 19dBm)
	CDF
	Array Gain
	Assumed EIRP(w/filter)
	Assumed EIRP(wo/filter)

	10%
	4.5dBi
	27.3dBm
	29.3dBm

	50%
	9dBi
	31.8dBm
	33.8dBm

	90%
	12dBi
	34.8dBm
	36.8dBm



Table 5 Summary of assumption of EIRP (PA output = 17dBm)
	CDF
	Array Gain
	Assumed EIRP(w/filter)
	Assumed EIRP(wo/filter)

	10%
	4.5dBi
	25.3dBm
	27.3dBm

	50%
	9dBi
	29.8dBm
	31.8dBm

	90%
	12dBi
	32.8dBm
	34.8dBm



 
Conclusion
[bookmark: _GoBack]In this contribution, some simulation results are provided with regard to the antenna array in mmWave. In the electrical magnetic simulation of 28 GHz patch antenna, EIRP for 10 percentile value is 20.5 dBm to 24.5 dBm, for 50 percentile value is 26 dBm to 30 dBm, and for 90 percentile value is 29 dBm to 33 dBm. These data can be taken into account when the RAN4 requirement is established.
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