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Introduction
The UEM requirements for FR2 and its relation to absolute ACLR has been extensively discussed in previous RAN4 meeting. The current requirements in [1] which are still within brackets, scale with PTx where the emission limit was set without in depth analysis during the NR SI and in relation to discussion of the first LS response to ITU-R on compatibility parameters.
In this paper, we elaborate on values for PTx and propose a more reasonable value reflecting the transmitter properties and array sizes for FR2 and consider also possible evolution of mm-wave PA technology.
As absolute ACLR for FR2 is based on BS classes and due to high dependence between absolute ACLR and UEM, an alternative to define the UEM would also be to use BS classes and hence if BS classes will be related to certain PTx values, the discussion in this paper should also be considered.

Discussion
The mm-wave transmitter technology and its performance considering the complex relation between the ACLR, efficieny and achievable output power has been extensively discussed in [2]. These complex relations for CMOS and GaN mm-wave power amplifiers were described as in Figure 1.
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Figure 1	ACLR vs output power (Left) and Power-added efficiency vs. ACLR for CMOS and GaN ~30 GHz power amplifiers using CP-OFDM input signal.
The ACLR of 28 dB was specified for mm-wave frequency bands considering the co-existence aspect as well as the relations above. Note that the parameters analysed in Figure 1, relates to the reference point at the PA output and not the whole array taking to account losses.
In RAN4 #85, the UEM for FR2 was settled with some remaining issues. One issue that would require further analysis and discussion was PTX, which corresponds to TRP of the wanted signal in an array.


The specification text for the FR2 mask is as follows, all in brackets:

9.7.4.3.2	OTA Spectrum emission mask
[NR BS unwanted emissions shall not exceed the maximum levels specified in Table 9.7.4.3.2-1‑1 to 9.7.4.3.2-2.
Table 9.7.4.3.2-1: SEM applicable for PTx ≥ [35 dBm] in the frequency range 24.24 – 33.4 GHz and 
PTx ≥ [33 dBm] in the frequency range 37 – 52.6 GHz
	Frequency offset from “edge of transmission” Δf
	Limit
	Measurement bandwidth

	0  f < 10% of the total transmission bandwidth 
	-5 dBm
	1 MHz

	10% of the total transmission bandwidth  f < OOB boundary
	-13 dBm
	1 MHz



Table 9.7.4.3.2-2: SEM applicable for PTx < [35 dBm] in the frequency range 24.24 – 33.4 GHz 
	Frequency offset from “edge of transmission” Δf
	Llimit
	Measurement bandwidth

	0  f < 10% of the total transmission bandwidth 
	[Max(PTx – 40 dB, -12 dBm)]
	1 MHz

	10% of the total transmission bandwidth  f < OOB boundary
	[Max(PTx – 48 dB, -20 dBm)]
	1 MHz



Table 9.7.4.3.2-3: SEM applicable for PTx < [33 dBm] in the frequency range 37 – 52.6 GHz
	Frequency offset from “edge of transmission” Δf
	Limit
	Measurement bandwidth

	0  f < 10% of the total transmission bandwidth 
	[Max(PTx – 38 dB, -12 dBm)]
	1 MHz

	10% of the total transmission bandwidth  f < OOB boundary
	[Max(PTx – 46 dB, -20 dBm)]
	1 MHz


]
It is essential that the PTx break point is carefully chosen to reflect a relevant array size and available power, taking to account losses, thermal and power efficiency aspect.
Proposal 1:
PTX break point should reflect relevant array size and available power level for FR2 taking into account limitations and losses in an array.
The losses, the filter, switch losses (unpaired spectrum), routing and distribution losses etc., have been extensively elaborated in [3-6].
Using FR2 bands around 30 GHz and BS ACLR requirement of 28 dB, a more reasonable value per transmitter chain including losses would be ~5 dBm for CMOS technology. The current PTx break point of 35 dBm would thus correspond to an array size of 1000 which is an unreasonable base-line array size for FR2. 
Using an array size of 128 or 256 (corresponds to 8x16 dual polarized scenario used in the co-existence studies in RAN4), the PTx break point should instead be 26 dBm or 29 dBm respectively, which is more representative as a a base-line.
Proposal 2:
The PTX break point for the frequency range of 24.25 -33.4 GHz should be set to 29 dBm.
Considering the evolution of mm-wave PA technology, it is envisioned that the level of integration will continue, implying an increased use of CMOS technology also for the RF parts, including the PA. As far as CMOS is concerned, the results in [2] were based on a 28 nm FD-SOI technology, one branch of CMOS technology evolution, which is particularly suitable for RF circuits but not so much for digital circuits. In a few years timeframe, it is believed that FinFET technology (the other major CMOS evolution branch) will be used to a much larger extent due to more efficient implementation of digital circuits. Unfortunately, the characteristics of FinFET technology allows less elaborate RF circuit solutions to be adopted compared to FD-SOI technology, hampering the power capability and efficiency of PAs. Such elaborate circuit techniques includes stacking of transistors in cascade amplifier configurations to distribute voltage swing and power combining using area-consuming transformers or hybrid combiners. 
All in all, the adoption of FinFET technology is expected to decrease power capability of each PA by some 3dB. Additionally, the maximum device voltage will continue to decrease from roughly 1.0V (28nm bulk or FD-SOI CMOS technology) to some 0.7-0.8V (7nm FinFET technology). The reduction in maximum device voltage may give some 1.5dB additional reduction in power capability. The envisaged integration and process technology evolution supports the need to specify a more relevant breakpoint for PTx as proposed in this paper. 
It should also be noted that the proposed PTx break point od 29 dBm does not contradict the ITU-R studies as ITU-R compatibility studies are based on PTx of 25 dBm [7].

Conclusion
[bookmark: _In-sequence_SDU_delivery]In this paper, the UEM requirements for FR2 and relevant value for PTx was discussed in detail. Considering the fact that PTx value should consider feasible available power, losses and array size, relevant value for PTx is discussed and proposed as following:
Proposal 1:
Ptx break point should reflect relevant array size and available power level for FR2 taking to account limitations and losses in an array.

Proposal 2:
The Ptx break point for the frequency range of 24.25 -33.4 GHz should be set to 29 dBm.

In addition, the future envisaged evolution of technology including integration and process was further elaborated which also indicate relevant level of PTx break point as proposed in this paper.
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