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Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]This contribution provides simulation results of EIRP when antenna covers single band or mult-band operation. The results show condition of 2-set of 2x2 patch array antenna. This result is helpful for defining NR mmWave requirement. 
 Simulation for Multi-band cover 
Condition of the Simulation
Table 1 shows the condition of electromagnetic simulation for mmWave. We consider patch antenna which has 6dBi gain for each single band. The antenna has V and H port. For multi-band design, radiation element size and matching circuit are optimized to get better performance at all band (n257, n258, n260, n261).
Table 1.  Simulation condition
	Frequency
	24.25GHz~29.5GHz, 37GHz~40GHz

	Antenna type
	Patch antenna

	Size of antenna element
	6mm x 6mm x 0.6mm

	Antenna gain for single band
	> 6dBi




Simulation results
Array gain for multi-band

Figure. 1 (a), (b) shows simulation results of antenna gain. Figure 1 (b) is updated characteristics by tuning the matching parameter. Three of single band antenna and one of multi-band antenna gain are described (Characteristic for n257 covers n261). For n257 and n261, there are some differences between single band and multi band characteristics. Maximum difference is 0.49dB at 28GHz shown in Fig.1 (b). For n258, maximum difference is 0.38dB at 25GHz. For n260, maximum difference is 0.62dB at 38GHz. Table 1 summarizes the maximum difference between single band antenna and multi-band antenna.
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Fig. 1  Comparison of antenna Gain between single band and multi-band

Table. 2 Summary of antenna gain in each band
	
	Maximum degradation from single band characteristics (dB)

	Band 
	n258
	n257,
	n261
	n260

	Delta of Fig. 1 (a) 
	0.69
	0.59
	0.59
	0.57

	Delta of Fig. 1 (b)
	0.38
	0.49
	0.49
	0.62


Observation 1. Multi band antenna gain degrades 0.38dB maximum among n258.
Observation 2. Multi band antenna gain degrades 0.49dB maximum among n257 and n261.
Observation 3. Multi band antenna gain degrades 0.62dB maximum among n260.

Spherical and Peak value

Figure 2 and 3 show CDF results of 1x4 array which are provided from device vender. Peak EIRP is aligned with 23dBm which is meet peak requirement. The CDF is calculated based on the below formula.

 EIRP value = 14dBm(Pout) +6dB(4-port) – Phone factor loss +Antenna gain
Phone factor loss = 7dB at 28GHz, and 8.3dB at 38.5GHz
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(a) EIRP CDF (1-module)
[image: ]
(b) EIRP CDF (2-module)
Fig. 2 Simulation results of EIRP (28GHz)
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(a) EIRP CDF (1-module)
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(b) EIRP CDF (2-module)
Fig. 3 Simulation results of EIRP (39GHz)

	
	3GPP Min peak EIRP requirement (dBm)
	Simulation result with 1 module
	Simulation result with 2 module 

	
	28GHz
	38.5GHz
	28GHz
	38.5GHz
	28GHz
	38.5GHz

	Peak EIRP
	22.4dBm
	20.6dBm
	23.0dBm
	21.7dBm
	-
	-

	Spherical 50%
	11.5dBm
	8dBm
	15.3dBm
	13.7dBm
	19.7dBm
	17.7dBm



As we have provided in RAN4 #86bis, our simulation result of spherical EIRP is shown in Fig. 3. Spherical 50%-tile value is 9dB reduction from peak EIRP. This means spherical value is over 13.4dBm if UE pass peak EIRP. Even peak EIRP is just same as RAN4 requirement (22.4dBm), spherical value has 1.9dB margin against RAN4 requirement. There is still over 1 dB margin even if multiband degradation is taken into account. In device vender simulation case, there are more than 3dB margin for 28GHz and 5dB margin for 39GHz even in 1 module case. There are still more than 1.5dB margin at 28GHz and 3dB margin at 38.5GHz even if PA output is assumed as 12dBm. It can be said that sufficient margin is ensured in spherical coverage case in both 28GHz and 38.5GHz. 
Observation 4. There are much margin achievable spherical value against spherical requirement for both 28GHz and 38.5GHz.
Proposal 1. Multi band relaxation is defined as 0dB for spherical coverage.
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Fig.3 CDF of Normalized EIRP
.
Conclusion
In this contribution, some simulation results are provided with regard to multiband coverage. In the electrical magnetic simulation of mmW patch antenna, multiband antenna gain degrades from single-band antenna gain (degradation of 0.57-0.69 dB) in 5-band cover case (n261 is included in n257). However, considering the spherical value between requirement and assumption of the achievable value, there are large margin against the degradation value. Thus, spherical coverage does not need to be relaxed further. This simulation results is only 5-band cover case, but, this is the worst case than the other considerable multi-band case (e.g. 2-band or 3-band case). So, other case also does not need further relaxation. 
Observation 1. Multi band antenna gain degrades 0.38dB maximum among n258.
Observation 2. Multi band antenna gain degrades 0.49dB maximum among n257 and n261.
Observation 3. Multi band antenna gain degrades 0.62dB maximum among n260.
Observation 4. There are much margin achievable spherical value against spherical requirement for both 28GHz and 39GHz.
Proposal 1. Multi band relaxation is defined as 0dB for spherical coverage.
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