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1.
Introduction
In this contribution, we share preliminary UE RF considerations for operation in the newly defined band 47.2-48.2 GHz, ‘48G’. 

2. 
Discussion
The upper extremities of FR2 present exaggerated design challenges compared to even n260. We investigate three important facets of the RF front-end: PA, LNA and antenna module. 
For existing FR2 bands, a reasonable estimate of peak array gain, PA power capability and LNA NF can be reconstructed from peak EIRP and REFSENS requirements for PC3 UEs. Different implementations may have slight variations on this general theme. Other reconstructions are possible, with different choice of reference planes. The trends in the parameter values are therefore of more interest than the absolute parameter values themselves.
2.1 
Antenna module (Array gain)

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.
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Figure 2.1-1: Array gain trend with frequency

At 48G, 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. Extrapolation suggests that array gain can be between 4 and 6 dB lower at 48G than in n258, assuming similar element count. One can also surmise that element gain may be less than 0dB at 48G once packaging and other losses are accounted for.

2.2
PA (transmit power level)
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. Using peak EIRP requirements for existing FR2 bands and peak gain estimates, it is possible to work out conducted domain power outputs for PC3 UEs inclusive of feedline losses.
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Figure 2.2-1: PA power capability trend with frequency

We have extrapolated the curve from existing bands to determine a range of expectation for 48G. It appears that the PA will be between 3.5 and 5.5 dB less capable at 48G, compared to say, n258.

This kind of a droop is primarily casused by reduced gain due to increased opearting frequency in relation to process fT. There is also increased sensitivity to mismatch, and increase in general conduction losses. Some processes may also suffer from degradation of amplifier characteristic, which in turn impacts back-off to deliver spec compliant power.
2.3
LNA (receiver NF)

The primary metric of the receiver, NF, can similarly be charted across bands, using the same array gain assumptions used in previous subsections. Feedline losses upstream of the LNA are lumped into this parameter.
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Figure 2.3-1: LNA NF trend with frequency

Extrapolation suggests that NF degrades at 48G by a factor between 5.5 and 6.5 dB from its value at, say, n258. The physical reasons that cause this effect include diminishing gain, higher noise figure and more sensitivity to matching.
Finally, a general comment in context of UEs that typically support operation over multiple bands: every additional band makes the design compromise more challenging. These considerations include material choices for UE packaging, design choice to optimize one frequency over another, supported band splits, etc.
3.
Conclusion
We shared preliminary expectations for array gain, PA performance and LNA noise figure at 48G, as extrapolated from existing FR2 bands. Based on these somewhat crude estimates, peak EIRP capability at 48G may be suppressed from n258 value by about 9.5 dB, based on the following observations:
· array gain can be between 4 and 6 dB lower at 48G than in n258
· PA will be between 3.5 and 5.5 dB less capable at 48G, compared to n258
Similarly REFSENS at 48G may degrade from n258 values by about 11 dB, based on the following observations:
· array gain can be between 4 and 6 dB lower at 48G than in n258
· NF degrades at 48G by a factor between 5.5 and 6.5 dB from its value at n258
It may be possible for UEs to improve on antenna design relative to these estimates, but there may be limitations in technology that limit IC performance for commercially viable processes.

Network design would benefit from early consideration of effects similar to the extrapolated estimates listed in this contribution. 
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