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Introduction
The study item on supporting NR from 52.6 GHz to 71 GHz [1] was approved at RAN#86. Before that, 3GPP RAN studied requirements for NR beyond 52.6GHz up to 114.25GHz, potential use cases and deployment scenarios, and NR system design requirements and considerations on top of regulatory requirements [2]. 
This contribution provides a text proposal to 38.808 to capture RF aspects as discussed during RAN4#97-e.


Text proposal to TR 38.808
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Editor’s Note: This section will be further categorized into sub-sections depending on discussions
[bookmark: _Toc41298317]4.2.1	General description of study in RAN4
RAN4 and RAN1 had one common objective for the study on supporting NR from 52.6 GHz to 71 GHz, which is reproduced here from study item description

· Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz
· Study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments [RAN1, RAN4].

Aligned with this objective, RAN4 has studied practical RF impairments and captured relevant technology status in this TR. On top of aspects impacting FR2 physical layer design, aspects impacting RAN4 requirements have also been considered and documented.
4.2.2	Timing considerations
4.2.3	Phase noise characteristics
It was considered which level of detail of the RF architecture is considered. The actual LO-architecture of an antenna array can vary ranging from a single LO driving the whole antenna array up to small sub-arrays each having their own LO. When multiple LOs are considered, the phase noise output of those can have a varying degree of correlation. The LO-structure is an implementation specific aspect, and does not need to be considered in the standard. 
4.2.4	Power amplifiers trends
The PA technology trends are based on PA performance survey in [5]. The referred PA survey captures a large power amplifier database consisting of more than 3400 data points with over 1200 data points for CMOS, SiGe PAs and over 1700 power amplifier data points has been collected for GaN, GaAs, InP. This database covers published results, both from the open literature, as well as commercial amplifiers from various vendors. 
Based on the information in [5], the PA database information was summarized for all the considered RF technologies in figure 4.2.4-1 and 4.2.4-2, where the 52.6 – 71 GHz frequency range was highlighted. It can be observed that based on the available information, there is no data for the LDMOS technology for the 52.6 – 71 GHz range. 
In order to derive more accurate PA trends data, figure 4.2.4-1 was plotted with PA operating frequencies much wider than just 52.6 – 71 GHz range. More detailed technology-specific plots (e.g. PAE vs. Psat, or Psat vs. frequency) can be found in the Excel spreadsheet capturing all the PA survey data in [5]. 
[image: ]
Figure 4.2.4-1: Saturated output power versus frequency (red box depicts 52.6 – 71 GHz range)
[image: ]Figure 4.2.4-2: Saturated output power versus frequency – focus on 52.6 – 71 GHz range
Based on the analysis of the achievable Psat trends over the 52.6 – 71 GHz range, the saturated output power maximum trend values for 52.6 GHz and 71 GHz from [5] were extracted in table 4.2.4-1. 
Table 4.2.4-1: Maximum trend values of the saturated output power
	RF technology
	Estimated maximum trend value of the saturated output power @52.6 GHz (dBm)
	Estimated maximum trend value of the saturated output power @71 GHz (dBm)

	CMOS
	23
	22

	SiGe
	26
	25

	GaN
	39
	37

	GaAs
	35
	34

	InP
	30
	29



The same dataset used for peak power trends was used to study the efficiency of available semiconductor technologies. In Figure 4.2.4-3, a scatter diagram of peak Power Added Efficiency (PAE) as function of operating frequency for power amplifiers made using Silicon and semiconductor transistors (GaAs and GaN). As expected, the efficiency is mainly dependent on the operating frequency and not the transistor technology. The wide spread of data is mainly due to different power levels and different amplifier architectures.
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Figure 4.2.4-3: Peak power added efficiency versus frequency for power amplifiers using Silicon transistors (left) and GaN and GaAs transistors (right)
The trend analysis indicates that from a technological perspective the power amplifier efficiency in the frequency range 52 to 71 GHz is worse compared to FR2. The need for AAS type of products for this frequency range, as well as high level of integration in limited space, requires care for thermal design and considerations.
As shown, with the support from both empirical data and theoretically established limits we know that that both power efficiency and RF saturated output power capability decrease with increasing frequency. The choice of process technology used in fabricating the PAs may offset the capabilities at a given frequency but the trends versus frequency of operation remains.
4.2.5	BS aspects
4.2.5.1	BS antenna arrays
More detailed antenna array modelling may be further considered in work item if needed.
Antenna array configurations were evaluated with respect to target output power. It is assumed that each antenna array element has its own power stage and antenna elements have 60% aperture coupling efficiency. The EIRP can be calculated as shown in Table 4.2.4.2-3. While the example in table 4.2.5.1-1 is provided for 16x8 element array, the same principle can be used to evaluate the array sizes required to reach 40 dBm and 60 dBm EIRP, which we set for targets for system evaluations according to Annex A.2 The result is that reaching 40 dBm EIRP requires an 4x8 element array whereas 60 dBm EIRP requires 16x16 element array.
It should be noted that the estimates are very conservative, given that the power amplifier study [5] outlines the saturated power for CMOS technology between 22 and 23 dBm for 52.6 – 71 GHz frequency range. Therefore, plenty of design margin for possible front-end losses have been included.
Table 4.2.5.1-1: Example antenna arrays 
	Carrier frequency
	 
	70.0GHz

	Array size
	
	16x8

	System Gain & Coverage Analysis
	 
	 

	Total Conducted Power
	dBm
	28.0

	Tx Arrayed Antenna Gain
	dBi
	24.8

	EIRP per polarization
	dBm
	52.8

	Number of antenna polarizations
	 
	2

	Number of streams / polarizations
	 
	1

	Transmitter Array Information (per polarization)
	 
	 

	# elements in X
	 
	16

	# elements in Y
	 
	8

	Number of antenna elements
	 
	128

	Element spacing
	lambda
	0.5

	Array size, X dimension
	mm
	34.3

	Array size, Y dimension
	mm
	17.1

	Element directivity
	dB
	6.0

	Array factor
	dB
	21.0

	Antenna directive gain
	dB
	27.0

	Antenna coupling efficiency
	%
	60 %

	Antenna coupling efficiency
	dB
	-2.2

	Tx Array Antenna Gain
	dB
	24.8

	Transmitter Power Amplifier Info (per polarization)
	 
	 

	PA OP1dB
	dBm
	16

	Backoff, i.e. modulated signal PAPR
	dB
	9.0

	Average power output per PA
	dBm
	7

	Power into each sub-array or antenna element
	dBm
	7

	Number of Tx sub-array PAs or antenna elements
	 
	128

	Multi element or sub-array power gain
	dB
	21

	Total Conducted Power
	dBm
	28.0



The array sizes are similar to FR2 array in 24.25 – 52.6 GHz frequency range, and therefore also the beamwidths are similar. 
4.2.5.2	Noise figure
Referring to ETSI technical report TR 101 854 [6] on fixed radio point-to-point systems, one can find information on typical NF and associated industrial margins (IMF) values across wide range of frequencies. The IMF considers various performance variations of system elements over e.g. temperature extremes, voltage variations, or aging by capturing production spread of RF circuits. 
For the 52.6 – 71 GHz range, the above NF values are in range of 10 – 13 dB.
Table 4.2.5.2-1: Typical Noise Figures (NF) and associated Industrial Margins (IMF)
	Frequency band
(GHz)
	Typical Noise Figure (NF)
(dB)
	Industrial margin (IMF)
(dB)

	48 - 50
	~9
	+3

	52 - 55
	~10
	+3

	71 - 76
	~13
	+4

	81 - 86
	~13
		+4	


NOTE: 	The above ETSI originated Industrial Margins (IMF) shall not be confused with the Implementation Margins (IM) used in process of RAN4 conformance requirements derivation.
Referring to the system level evaluation assumptions in annex A, the BS NF was assumed as 7 dB, while UE NF was assumed as 10 dB (13 dB optionally). 
Link level and system level simulation assumptions in annex A are assuming UE mobility (i.e. 3km/h), while the above referred ETRI TR treats about the fixed point-to-point applications. Still one can observe good alignment of NF values among the ETSI TR and those in this 52.6-71 GHz performance evaluation. This can be interpreted that the RF technology to be used for both static and mobile applications in 52.6-71 GHz frequency range will have similar and comparable capabilities, making the ETSI TR 101 854 [6] a valid reference for this technical report. 
4.2.6	UE aspects
4.2.7	RAN4 conclusions on numerologies and channel bandwidths

5	Study of channel access mechanism for 60 GHz

<End of text proposal>
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