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Introduction
The discussion on mm-wave frequency band ACLR has been ongoing for some time in RAN4, and there is consensus on relative ACLR level. However, in the previsous RAN4 meeting, a discussion on absolute ACLR levels has been initiated but did not conclude on any level.
In this paper, we elaborate on the mm-wave transmitter chain and describe in detail the contributions to transmitter noise floor and considerations needed before the absolute ACLR level is settled.

Discussion
In [1], The power capability  and power added efficiency versus frequency for mm-wave power amplifiers was described in detail (see Figure 1).
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Figure 1 Power amplifier output power (left) and Power Added Efficiency, PAE at saturated output power (Psat) (right) versus frequency for various semiconductor technologies. 
In  [2], the relations between PAE, ACLR, and output power for mm-wave frequencies given different PA technologies using a modulated signal was elaborated in detail. It is important to stress that the output power levels presented here refer to the PA only including losses from chip packaging but not losses due to PCB routing, TRX switch, or filter. 
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Figure 2 ACLR vs output power (Left) and Power-added efficiency vs. ACLR for CMOS and GaN ~30 GHz power amplifiers using CP-OFDM input signal.
A mm-Wave transceiver will host numerous transceivers including PA to support a set of antenna element and in such a design there may be additional thermal constraints potentially putting a cap on feasible PA output power that is lower than the power capability of the technology being used considering the thermal aspects. 
The absolute ACLR requirement in sub-6 GHz specifications was introduced considering the achievable transmitter chain noise floor and corresponding emission levels and thus for mm-wave frequency band, the transmitter noise floor taking to account limitations in mm-wave frequency ranges scaled with number of transmitter should be further discussed before the absolute ACLR level  is settled. The noise floor of a full chain transmitter is composed of several contributions from different blocks and to different degrees. This is further elaborated in the following sub-chapters.
As extensively discussed previously during the ITU-R related work, the difference beween BS and UE as well as different BS classes is more or less the scaling of the number of transceivers as a transvicer technology would be more or less similar with similar performance. This implies that the absolute ACLR level for different BS classes more or less only relate to the size of arrays used for different BS classes and should be considered.
Mm-wave transceiver noise floor
At high output power levels the emissions in adjacent channels are dominated by the nolinear distortion in the PA, as exemplified above. But when the output power is reduced (asuming a fixed gain distribution over the transmitter chain) the contribution from nonlinear distortion to the adjacent channel emission is also reduced, and typically much faster than the power of the signal itself. What is left is primarily thermal noise and quantization noise. Thermal noise is generated to varying degrees by all analog blocks in the transmitter chain but is typically dominated by analog baseband circuitry including e.g. the digital-to-analog converters (DAC) and reconstruction filters, but also by RF blocks like upconversion mixers. Thermal noise power in a circuit is costly to reduce, for every 6dB (1bit) of noise reduction the power consumption increases by 4 times. The relation between quantization noise and power consumption is more involved as different levels of DAC resolution leads to different solutions and levels of circuit complexity. Anyway, for a DAC with a fixed sample rate and resolution of, say, 7 effective number of bits (ENOB) or higher, the power consumption is primarily driven by the thermal noise budget and the quantization noise is just a fraction of the total noise budget. Furthermore, given the bandwidths considered for NR and the optional need to accommodate the wider spectrum of DPD signals the DAC sampling rate may be as high as several GHz. At such high sampling rates there is an additional power penalty when increasing the resolution. In conclusion, it is important not to overdimension the transmitter with regards to thermal noise as it has a large impact on power consumption.
Consider the following simple example: 

Assume an 7 ENOB DAC, which translates to roughly 44dB of of maximum SNR due to quantization noise using the full Nyquist bandwidth. With an RF signal bandwidth 400MHz (both for desired and adjacent channel) and a sampling rate of 2GHz  the oversampling rate () becomes 5 times (~7dB) and, thus, the maximum SNR improves to 51dB. To accommodate an OFDM signal, a 13dB of backoff is applied yielding a quantization noise level within one channel bandwidth of -38dBc (disregarding the sinc roll-off due to zero-order hold of the DAC). In practice, further backoff may be required to account for a predistorted signal in case DPD is used. Now, quantization noise is commonly only one major source of noise and is commonly designed to be lower or comparable to other noise sources. Here, consider a total noise budget that is 7dB above the quantization noise to accommodate other noise source and the noise level in an adjacent channel becomes -31dBc. Due to TX dynamic range we may operate at lower output power levels than maximum output power  but the noise floor is unaffected. For example, at 6dB below  the noise in the adjacent channel becomes -25dBc, and thus will comparable to relative ACLR requirements. In terms of absolute power levels, with ==12dBm and 512 transceivers (27dB), the noise floor becomes 12dBm+27dB-31dBc-10log10(400MHz/1MHz)=-18dBm/MHz. Note that additional contributions could occur.
It is therefore important to consider transmitter noise contributions in relation to array size and transmitter dynamic range such that there is some window of opportunities using transceiver implementations in different configurations.
As described above, there are limitations in how low the noise floor for mm-wave frequency ranges in relation to absolute ACLR level considering the complex dependencies, power consumption and thermal aspects. As discussed in previous meeting the UEM emission limits serve a reasonable level for absolute ACLR for WA or general purpose mm-wave BS [3]. For other BS classes, considering the array size and how the number of transmitter scale, the absolute ACLR and even UEM are essential. 

Conclusion
In this paper, the mm-wave absolute ACLR level was discussed in detail. We elaborated the operation with lower power than Pmax and other mechanism such as thermal noise and quantization noise which would have dominating contributions compared to PA non-linearities, 
[bookmark: _GoBack]We thus concluded that absolute ACLR level similar to UEM absolute level is proper requirement for WA/general purpose mm-wave BS. In addition, for different BS classes as same transmitter technology is used but with but scaled in number for different array sizes, the UEM and absolute ACLR for other BS classes should carefully be considererd to reflect the likely array size.
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