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1. Introduction
In RAN4#84Bis mmWave spherical coverage was extensively discussed. Agreed WF [1] stated an agreement regarding the topic:

· Specification of EIRP spherical coverage requirement should be finalized in RAN4#85.
Previous WF’s [2] had more details and importance of defining spherical coverage is further discussed in [3] and [4] and we have showed how real design even with compromises towards industrial design can perform in [5]. In this paper we discuss what are feasible compromises for performance requirement and propose values for spherical coverage.     
2. Discussion

Analysis in [5] includes impairments that are visible in the radiated domain. To understand what would the overall performance, some other impairments need to be considered.

Mutual coupling, as explained in [6], has a bigger impact when beam angle is large. It comes from antennas in the same array coupling each other and creating a mismatch loss and PA load pulling effect.
Beam pointing loss is a function of beam forming phase shifter resolution and UE calibration time. We have made our assumption here which results in 2 dB loss, worst case.    
Combining the peak EIRP data from [7] and CDF data from [5] we can construct the following Table 1.   
In Table 1, we show the effect of each compromise, 3->2 modules, plastic -> glass and amount of beam pointing loss. These values include the impairments for peak shown in [5] so these can be considered as worst case performance i.e. the lower limits. 

From [5] we can also see that good spherical coverage can be achieved without compromises in the industrial design. We also consider the combination of glass insert and only 2 modules should not be an allowed packaging configuration. We thus make the following proposal:

Proposal1: Spherical coverage for handset at 28 GHz will be specified as 20th %-tile and ≥18 dBm 
Table 1 %-tile performance with different impairments 

	 %-tile
	Unit
	 Plastic inserts

3 modules
	 Plastic inserts

3 modules

Beam pointing loss

Mutual coupling
	Plastic inserts

2 modules 
	Plastic inserts

2 modules

Beam pointing loss 
	Plastic inserts

2 modules

Beam pointing loss 

Mutual coupling
	 Glass inserts

2 modules

Beam pointing loss
	  Glass inserts

2 modules

Beam pointing loss

Mutual coupling

	20 %ile CDF
	dBm
	22.4
	18.6
	21.0
	19.2
	17.2
	17.4
	15.4

	50 %ile CDF
	dBm
	25.3
	22.7
	24.2
	23.1
	21.6
	21.9
	20.4

	100%ile CDF
	dBm
	28.2
	27.7
	28.2
	27.7
	27.7
	26.7
	26.7


Similarly, for 39 GHz we can tabulate similar table:

	 
	
	 Plastic inserts

3 modules
	 Plastic inserts

3 modules

Beam pointing loss

Mutual coupling
	Plastic inserts

2 modules 
	Plastic inserts

2 modules

Beam pointing loss 
	Plastic inserts

2 modules

Beam pointing loss 

Mutual coupling
	 Glass inserts

2 modules

Beam pointing loss
	  Glass inserts

2 modules

Beam pointing loss

Mutual coupling

	20 %ile CDF
	dBm
	20.9
	17.1
	19.5
	17.7
	15.7
	15.9
	13.9

	50 %ile CDF
	dBm
	23.8
	21.2
	22.7
	21.6
	20.1
	20.4
	18.9

	100%ile CDF
	dBm
	26.7
	26.2
	26.7
	26.2
	26.2
	25.2
	25.2


And propose similarly:

Proposal2: Spherical coverage for handset at 39 GHz will be specified as 20th %-tile and  ≥ 16.5 dBm 

3. Conclusion
We discussed and summarized UE spherical coverage from various sources and made two proposals:
Proposal1: Spherical coverage for handset at 28 GHz will be specified as 20th %-tile and ≥18 dBm 

Proposal2: Spherical coverage for handset at 39 GHz will be specified as 20th %-tile and  ≥ 16.5 dBm 
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