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Introduction
The draft skeleton of technical report of NR studies on RF and coexistence aspects has been approved in RAN4#79 in [1]. 
[bookmark: _GoBack]In this contribution, we propose texts on descriptions related to Carrier frequency and mm-wave technology aspects for TR 38.803.
Text proposal
The following text proposal is related to Section 6.1. 
<<<<< START of TEXT PROPSOAL >>>>>
[bookmark: _Toc452032728][bookmark: _Toc452032723]6.1	Common issues for UE and BS
Editor’s note: Common RF issues for both UE and BS RF requirement feasibility are captured
6.1.X	Carrier frequency and mm-wave technology aspects
Designing a receiver at, e.g., ~30 GHz with a 1 GHz signal bandwidth leaves much less design margin than what would be the case for a 2 GHz carrier with e.g. 50 MHz signal bandwidth as the IC technology speed is similar in both cases but the design margin and performance depends on the technology being much faster than the required signal processing.
[image: ]

The graph shows ITRS’s expected evolution of some transistor parameters important for mm-wave IC design.  Here ft, fmax, and Vdd /Bvceo data from the ITRS 2007 targets for CMOS and bipolar RF technologies are plotted vs. the calendar year when the technology is anticipated to become available.  For example, an RF CMOS device is expected to have a maximum Vdd of 800mV by 2016.
The free space wavelength at ~30 GHz is only 1 cm which is one tenth of what we are used to from existing 3GPP bands below 6 GHz. Antenna size and path loss are related to wavelength and carrier frequency, and to compensate the small physical size of a single antenna element we will have to use multiple antennas, e.g. array antennas. Then, when beam forming is used the spacing between antenna elements will still be related to the wavelength constraining the size of the FE and RX. Some of the implications of these frequency and size constraints are: 
· The ratios ft/fcarrier and fmax/fcarrier, where ft is the transistor transit frequency (i.e. when the RF device´s current gain is 0 dB), and where fmax is the maximum frequency of oscillation (i.e. when the extrapolated power gain is 0 dB), will be much lower at millimeter wave frequencies than for below 6 GHz applications. As receiver gain drops with operating frequency when this ratio is less than some 10 − 100×, the available gain at millimeter waves will be lower and consequently the device noise factor Fi higher (similar as if Friis’ formula was applied to a transistor’s internal noise sources). 
· The breakdown voltage of active devices is inversely proportional to the maximum speed of the device due to the Johnson limit. I.e. vsat · Ebr = const. or fmax · Vdd = const. As a consequence the supply voltage will be lower for millimeter-wave devices compared to low GHz ones. This will limit the CPi and the maximum available dynamic range. 
· Higher level of transceiver integration is required to save space, either as System-On-Chip or System-In-Package. This will limit the number of technologies suitable for the RF transceiver and limit FRX . 
· RF filters will have to be placed close to the antenna elements and fit into the array antenna. Consequently they have to be small, resulting in higher physical tolerance requirements, possibly at the cost of insertion loss and stop-band attenuation. That is, IL and selectivity gets worse. 
Increasing the carrier frequency, fcarrier from, say 2 GHz to ~30 GHz (i.e. >10×) has a significant impact on the circuit design and its RF performance.  For example, modern high-speed CMOS devices are velocity saturated and their maximum operating frequency is inversely proportional to the minimum channel length, or feature size. This dimension halves roughly every four years, as per Moore’s law (stating that complexity, i.e. transistor density, doubles every other year).  With smaller feature sizes internal voltages must also be lowered to limit electrical fields to safe levels.   Thus, designing a 30 GHz RF receiver corresponds to designing a 2 GHz receiver using about 15 years old low-voltage technology (i.e. today’s breakdown voltage but 15 years old ft, see figure based on ITRS device targets). With such a mismatch in device performance and design margin it is not to be expected to maintain 2GHz performance and power consumption at 30 GHz.
The signal bandwidth at mm-wave frequencies will also be significantly higher than at, say, 2GHz.  For an active device, or circuit, the signal swing is limited by the supply voltage at one end and by thermal noise at the other.  The available thermal noise power of a device is proportional to BW/gm, where gm is the intrinsic device gain (trans-conductance).  As gm is proportional to bias current we can see that the dynamic range then becomes the ratio 
DR ∝ Vdd2 ·Ibias/BW = Vdd ·P/BW, 
or
P ∝ BW·DR/ Vdd
Where P is the power dissipation.
Receivers for mm-wave frequencies will have increased power consumption due to higher BW, aggravated by the low-voltage technology needed for speed, compared to typical 2GHz receivers.
Thus, considering the thermal challenges given the significantly reduced area/volume for mm-wave products, the complex interrelation between linearity, NF, bandwidth and dynamic range in the light of power dissipation should be considered.
<<<<< END of TEXT PROPSOAL >>>>>

Conclusion
We propose to adopt the above mentioned text proposal for TR 38.803.
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Power spectral density and dynamic range



A signal consisting of many similar sub carriers will have a constant
power-spectral density (PSD) over its bandwidth and the total signal power
can then be found as P = PSD ·BW . When signals of di↵erent bandwidths
but similar power levels are received simultaneously, their PSDs will be
inversely proportional to their BW . The antenna-referred noise floor will be
proportional to BW and Fi, or Ni = Fi · k ·T ·BW , as derived above. Since
CPi will be fixed, given by G and ADC clipping, the dynamic range, or
maximum SNR, will decrease with signal bandwidth, i.e SNRmax / 1/BW .



The above signal can be considered as additive white Gaussian noise (AWGN)
with an antenna-referred mean power level (Psig) and a standard deviation
(�). Based on this assumption the peak-to-average-power ratio can be
approximated as PAPR = 20 · log10(k), where the peak sinal power is defined
as Psig + k ·�, i.e. the number of standard deviations between the mean power
level and the clipping level. For OFDM a PAPR of 10 dB is often assumed
(i.e. 3�) and this margin must be subtracted from CPi to avoid clipping of the
received signal. An OFDM signal with an average power level, e.g., 3� below
the clipping level will result in less than 0.2% clipping.
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