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1	Introduction
The work item to introduce the new Band n259 [1] has reached the following agreements [2]:
Agreement:
-	Band plan for n259 is 39.5GHz – 43.5GHz
-	Intra-band CA requirements shall apply for inter-band CA configurations between n260 and n259 including intra-band capabilities.   
-	Requirements for single band n259 and associated multiband requirements shall be agreed as a single CR pack for n259 WI. 
-	The scope of the multiband requirements shall be further discussed.

According to the Rapporteur’s work plan [3] and a suggested work plan refinement [4], this contribution provides views on making progress on the radiated requirements for peak EIRP, spherical coverage EIRP, peak EIS, and spherical coverage EIS.
2	Discussion
2.1	Single band case
We define the single band case to be a device which supports only Band n259.  Even though such a device may not be developed for a practical application, it is a useful reference from which to derive the multi-band requirements.
2.1.1	Assumptions on transmitter components’ performance
When considering the transmitter performance, such as minimum peak EIRP and minimum spherical coverage EIRP, there are a number of factors which influence the transmitter conducted performance (without the antennas).  These factors include the PA output power per antenna feed, mismatch and transmission line loss including load pull, phase shifter variation, Tx gain variation, and phase shifter loss.  Table 1 below summarizes these factors and provides possible bounds on the values based on concluded work on the 28 GHz and 39 GHz requirements as well as published literature [5], [6], [7].
Table 1: Conducted Tx performance factors
	Parameter
	Units
	Value
	Notes

	P1B per PA
	dBm
	x < 12.0
	PA output power over PVT (assuming ETC)

	Phase shifter variation
	º
	x > 2.0
	See [7] for values associated with 28 GHz

	Phase shifter loss
	dB
	x > 0.2
	

	Tx gain variation
	dB
	x > 0.8
	



[bookmark: _Toc16550838][bookmark: _Toc16573703]Proposal 1:	Input from companies to finalize the conducted Tx performance factors is encouraged. 
2.1.2	Assumptions on receiver components’ performance
When considering the receiver performance, such as maximum peak EIS and maximum spherical coverage EIS, there are a number of factors which influence the receiver conducted performance (without the antennas).  These factors include the noise figure of the receiver, mismatch and transmission line loss, phase shifter variation, Rx gain variation, and phase shifter loss.  Table 2 below summarizes these factors and provides possible bounds on the values based on concluded work on the 28 GHz and 39 GHz requirements as well as published literature [6], [7], [8].
Table 2: Conducted Rx performance factors
	Parameter
	Units
	Value
	Notes

	Receiver noise figure
	dB
	x > 10.0
	Assuming ETC

	Phase shifter variation
	º
	x > 2.0
	See [7] for values associated with 28 GHz

	Phase shifter loss
	dB
	x > 0.2
	

	Tx gain variation
	dB
	x > 0.8
	



[bookmark: _Toc16550839][bookmark: _Toc16573704]Proposal 2:	Input from companies to finalize the conducted Rx performance factors is encouraged. 
2.1.3	Assumptions on antenna array performance
To build the analytical model for patch array scanning performance in the presence of glass, we refer to Figure 1 below.

[image: ]
Figure 1: Analytical model for patch array + glass 

For this analysis we define efficiency as:
, where [9]
-	Prad is calculated from equivalent transmission-line model (angle, polarization dependent) [10]
-	Psw is calculated using equivalent magnetic dipoles from patch edges [11]
-	Ploss is calculated from standard patch model [12]
We further make the following assumptions in theoretical calculation:
-	Ideal patch antennas (TE10 cavity model; 4 elements; λ/2 spacing)
-	Infinite layers (surface waves act as loss, with no edge effects from a finite cover layer)
-	Psw calculation:  glass layer thickness >> patch antenna substrate thickness
-	Metal-backed glass layer
Figure 2 below illustrates the results for the array steered to boresight.
a)[image: ]
b)[image: ]
Figure 2: Analytical results for patch array + glass (steered to boresight, f=39 GHz)
Based on these results, we make the following observation:
[bookmark: _Toc16550835][bookmark: _Toc16573700]Observation 1:	At a given frequency, there is a glass thickness which represents the onset of TE1 mode (approximately λd/4), leading to significantly increased surface wave losses.

Table 3 below summarizes the above observations and calculates the approximate glass thickness which represents the onset of the TE1 mode.
Table 3: TE1 mode onset (approximated as λd/4, in mm)
	Frequency (GHz)
	εr = 1
	εr = 4
	εr = 6
	εr = 8

	37.0
	2.03
	1.01
	0.83
	0.72

	39.0
	1.92
	0.96
	0.78
	0.68

	41.0
	1.83
	0.91
	0.75
	0.65

	43.0
	1.74
	0.87
	0.71
	0.62



[bookmark: _Toc16550836][bookmark: _Toc16573701]Observation 2:	Assuming that the glass cover thickness is dictated by mechanical constraints, the onset of TE1 mode is expected to occur above 37 GHz and is implementation dependent.
[bookmark: _Toc16550837][bookmark: _Toc16573702]Observation 3:	The surface wave loss effect is further dependent on the scan angle of the array and should be investigated in the context of spherical coverage performance.

Although it may not be possible for all companies to agree on a certain glass thickness which can be used to derive the Band n259 requirements, it may be possible to determine over what frequency range the Band n260 assumptions on antenna performance are valid, thereby allowing to reuse the antenna performance data from Band n260.
[bookmark: _Toc16550840][bookmark: _Toc16573705]Proposal 3:	Input from companies on whether Band n260 antenna array performance (peak and spherical coverage) can be reused over the entire Band n259 or over a sub-range is encouraged. 
2.2	Multi-band case (all FR2 bands)
The case of the UE supporting all FR2 bands currently in the Rel-16 scope (n257, n258, n261, n260, and n259) can be considered the superset multi-band case and represents a UE design built for the global market without market-specific optimization.  Defining the multi-band framework for this case is critical to enable global adoption of the NR FR2 technology.
2.2.1	Assumptions on transmitter components’ performance
Because the Rel-15 EIRP requirement derivation assumed separate transmitter architectures for the 28 GHz bands (n257, n258, n261) and for the 39 GHz band (n260), it is logical to maintain the assumption in Rel-16.  Thus, the conducted Tx performance factors, as shown in Table 1 for the single band case, should be checked assuming the transmitter and RF components must support the frequency range from 37.0 GHz through 43.5 GHz.
2.2.2	Assumptions on receiver components’ performance
Because the Rel-15 EIS requirement derivation assumed separate receiver architectures for the 28 GHz bands (n257, n258, n261) and for the 39 GHz band (n260), it is logical to maintain the assumption in Rel-16.  Thus, the conducted Rx performance factors, as shown in Table 2 for the single band case, should be checked assuming the receiver and RF components must support the frequency range from 37.0 GHz through 43.5 GHz.
2.2.3	Assumptions on antenna array performance
The Rel-15 multi-band framework was derived based on additional antenna array performance simulations after the finalization of the single band requirement.  This analysis had shown that the integration of 28 GHz and 39 GHz arrays is a complex task and consists of a number of performance trade-offs, with an example shown in Figure 3 below.
[image: ]
Figure 3: Array gain vs. spacer thickness for n257, n258, n261, n260
[bookmark: _GoBack]A similar approach is needed to define the multi-band factors for the case of the UE supporting all FR2 bands currently in the Rel-16 scope (n257, n258, n261, n260, and n259).
[bookmark: _Toc16550841][bookmark: _Toc16573706]Proposal 4:	An analysis of antenna array performance which includes engineering trade-offs to support all FR2 bands (n257, n258, n261, n260, n259) is needed in order to quantify the multi-band factors. 
2.3	Other multi-band cases
In Rel-15 there are only 4 FR2 bands, and all possible combinations of these bands are:
1 + 4!/(3!(4-3)!) + 4!/(2!(4-2)!) = 11
In Rel-16, with the addition of Band n259, the number of possible combinations is:
1 + 5!/(4!(5-4)!) + 5!/(3!(5-3)!) + 5!/(2!(5-2)!) = 26
If one more band were added to FR2, then the number of possible combinations is:
1 + 6!/(5!(6-5)!) + 6!/(4!(6-4)!) + 6!/(3!(6-3)!) + 6!/(2!(6-2)!) = 57
In an effort to keep the multi-band framework scaleable, some down-selection of combinations of supported bands is needed.  For example, a UE may support n261+n260 or n261+n260+n259, but it may be unlikely that a UE would support n261+n259 only.
[bookmark: _Toc16550842][bookmark: _Toc16573707]Proposal 5:	How to down-select the number of combinations of supported bands for the multi-band framework should be resolved. 
3	Conclusions
This contribution provides views on making progress on the radiated requirements for peak EIRP, spherical coverage EIRP, peak EIS, and spherical coverage EIS.  The following observations and proposals have been made:
Observation 1:	At a given frequency, there is a glass thickness which represents the onset of TE1 mode (approximately λd/4), leading to significantly increased surface wave losses.
Observation 2:	Assuming that the glass cover thickness is dictated by mechanical constraints, the onset of TE1 mode is expected to occur above 37 GHz and is implementation dependent.
Observation 3:	The surface wave loss effect is further dependent on the scan angle of the array and should be investigated in the context of spherical coverage performance.

Proposal 1:	Input from companies to finalize the conducted Tx performance factors is encouraged.
Proposal 2:	Input from companies to finalize the conducted Rx performance factors is encouraged.
Proposal 3:	Input from companies on whether Band n260 antenna array performance (peak and spherical coverage) can be reused over the entire Band n259 or over a sub-range is encouraged.
Proposal 4:	An analysis of antenna array performance which includes engineering trade-offs to support all FR2 bands (n257, n258, n261, n260, n259) is needed in order to quantify the multi-band factors.
Proposal 5:	How to down-select the number of combinations of supported bands for the multi-band framework should be resolved.
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