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UE TX emissions
RAN4 has decided to include EU EN standards as part of the 60 GHz work. Close-in emissions is one aspect of the EU specification for consideration.
RAN4 should consider the unwanted emissions requirement in this EN standard. From the EN standard [1].
“The transmitter unwanted emissions in the out-of-band domain shall be less than or equal to the relative limits provided in figure 1 (reference to IEEE 802.11-2020™ [i.8]) where BW represents the declared nominal channel BW or an absolute level of -30 dBm with a 1 MHz measurement bandwidth, whichever is the greater. Non-adjacent channels shall be tested separately. ±A (see figure 1) corresponds to the frequency offset from the nominal centre frequency of the transmission by ±250 % of the nominal channel BW for nominal channel BW ≤ 500 MHz and ± (500 MHz + 1,5 × nominal channel BW) for nominal channel BW > 500 MHz. Within the 60 GHz band and outside -A to +A range the -30 dBr or -30 dBm in a 1 MHz whichever is the greater shall apply”
[image: ]
Figure 1-1: Transmit Mask

We can compute the ACLR for this mask. The ACLR computes to -17.1 dB. 
Observation 1: The EN ACLR computes to -17.1 dB.
It is informative to compare this to FR2 NR ACLR. 
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Observation 2: The ACLR for NR is equal to the EN mask for n257, n258, and n261. The EN mask is tighter than the FR2 n259, n260 ACLR. RAN4 should keep the relationship between ACLR and the EN spec.
Smartphone EIRP and power class
For FR2 the UE EIRP is defined in for various UE types, which are given different power classes. Here we discuss a budget for a smartphone type UE. 
Based on a feasible design, we assume these values for parameters.
Number of antenna elements:
The antenna design is a 16 element array half-lambda, arranged in a 2x8 configuration. 
PA output power:
The PA output power is based on a measured data 60 GHz smartphone PA operating with QPSK at the FR2 EVM limit.
Antenna rolloff vs frequency:
The amount of antenna gain reduction from average across the 57 – 71 GHz band,
Polarization gain:
The net increase in EIRP when simultaneously transmitting on the orthogonal polarization.
Implementation losses:
All losses in the system including feed losses, radome losses, losses due to imperfect array phasing

Table 2-1 EIRP budget items
	Parameter
	units
	nominal losses
	worst-case losses

	Number of antenna elements
	
	16
	16

	Element gain (average element)
	dBi
	4.50
	4.50

	Ant array gain (lossless)
	dBi
	16.54
	16.54

	
	
	
	

	PA output Power QPSK
	dBm
	-3.50
	-3.50

	Ant gain rolloff vs frequency
	dB
	-1.5
	-2

	Polarization gain
	dB
	2.80
	2.80

	Implementation losses
	dB
	-7
	-11.60

	
	
	
	

	TRP (both polarizations all freqs)
	dBm
	3.84
	-1.26

	Peak EIRP
	dBm
	20.38
	15.28



We observe the worst-case UE is 15 dBm peak EIRP.  We can compare this to power class 3 for FR2-1. For n262 the min peak EIRP is 16 dBm. 
Proposal 1: [15 dBm] should be considered as the starting point for peak EIRP.
Proposal 2: 20 dBm should be used as peak EIRP in any system simulation studies.
Antenna module (Array gain)
We have shown array gain for FR2-2 in the previous section as part of the EIRP budget. We can make a comparison to FR2-1. There are two aspects to antenna performance: the best gain it can muster over all directions, and the distribution of gain (spherical coverage). In this contribution, we focus on peak gain (10log(N)+Gelememt) because it directly relates to peak EIRP and REFSENS. Note that this quantity also absorbs UE packaging loss, phase shifter non-idealites, etc.
To make a comparison between FR2-1 and FR2-2 we assume the same number of elements for each .. 4 elements.
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4 element array gain comparison [3] with FR2-2 added
In FR2-2, antenna design can get challenging due to possibility of exciting slab modes that can siphon power away from the intended beam if care is not exercised in material choice and dimensions. The figure assumes ‘smooth variation’ over frequency, i.e there are no new mechanisms, like the slab mode, to reduce beam gain further.  The figure includes -1 dB FR2-2 array gain, from the 16-element budget above and reduced by 10*log10(4) to scale it for 4-element comparison. The 4-element array gain can be roughly 4 dB lower at FR2-2 than at 48G, with the constraint of similar element count. 
To counteract the gain reduction for FR2-2 we can choose to increase the array element count from 4 elements per polarization to 16 elements per polarization. The 4x increase in element count results in an increase of 6 dB in array gain.
Observation 3: Increasing the number of array elements helps to counteract the increased losses inherent in FR2-2.
PA power
This complex topic can be somewhat streamlined in the UE context where cost and power efficiency are paramount. Traditionally, bulk CMOS has been the semiconductor process of choice for its low cost and all-around general competence. 
From the budget above the aggregate PA power into the array is 8.5 dBm, which is somewhat lower than FR2-1 powers [4]. 
This kind of a droop is primarily caused by reduced gain due to increased operating frequency in relation to process fT. There is also increased sensitivity to mismatch, and increase in general conducted losses. Some processes may also suffer from degradation of linearity characteristics, which in turn impacts back-off to deliver spec compliant power.
Observation 4: PA capability reduces in the higher frequency FR2-2 regime.


UE smartphone TX spatial coverage
Reference [3] identifies candidate (dB) values for gain drop from peak gain to gain along the 50th%ile direction for PC3 in n262. In the figure below the agreed spec value for n262 has been added.
The figure shows a trend line, and on the right shows the intersection of the trend line with the mid-band of 52.6 and 71 GHz. Note the trend intersect 64 GHz at 15 dB.
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Fig: PC3 gain drop range 
It is possible to work out expected EIRP spherical coverage performance in FR2-2 based on expected performance in FR2-1 bands. The primary contributor to EIRP drop is the spherical coverage of the antenna gain itself. We therefore focus on the differences in normalized antenna gain between both n262 and n259 vs 60 GHz. n259. In both n259 and n262, the simulated antenna gain has a drop of about 6.5 dB from peak to 50th %ile. 

[image: ][image: ]
The figure below shows a 2x8 array design simulation. Note the FR2-2 midband drop to 50%ile is 10 dB, significantly higher than FR2-1 band above.

[image: ]



Antenna gain is but one of the factors involved in establishing spherical coverage metrics. Other considerations that contribute to degradation of EIRP spherical coverage statistics are mutual coupling between PAs, Tx beam forming impairments and uncertainty related to power regulation mechanisms. FR2-2 is significantly high in frequency than n262 and n259, and we expect the degradation from ‘other considerations’ to have a larger effect. 

To summarize, we expect more degradation in FR2-2 as compared to n259 and n262,  for both raw antenna spherical coverage performance as well as degradation in spherical coverage due to other considerations (are mutual coupling between PAs, Tx beam forming impairments and uncertainty related to power regulation mechanisms). Recall that n259 has 12.9 dB and n262 13.1 dB gain drop from peak to 50th %ile direction. 

Observation 5:  Peak to 50%ile gain drop is approximately 3.5 dB higher in FR2-2 than FR2-1 due to antenna pattern and other considerations
Conclusions
Observation 1: The EN ACLR computes to -17.1 dB.
Observation 2: The ACLR for NR is equal to the EN mask for n257, n258, and n261. The EN mask is tighter than the FR2 n259, n260 ACLR. RAN4 should keep the relationship between ACLR and the EN spec.
Proposal 1 : [15 dBm] should be considered as the starting point for peak EIRP.
Proposal 2: 21 dBm should be used as peak EIRP in any system simulation studies.
Observation 3: Increasing the number of array elements helps to counteract the increased losses inherent in FR2-2.
Observation 4: PA capability reduces in the higher frequency FR2-2 regime.
Observation 5:  Peak to 50%ile gain drop is approximately 3.5 dB higher in FR2-2 than FR2-1 due to antenna pattern and other considerations
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