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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. RAN4 has discussed the necessity for absolute levels for ACLR requirements in mmWave spectrum. In our previous contribution[1], we elaborated 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.
In this contribution, we discuss further considerations on the importance of introducing absolute limits for mmWave NR BS ACLR levels and proposed a way forward on this.   
Acievable levels of TX leakage in mmWave
We have provided detailed analysis on achievable levels in terms of TX leakage for mmWave BS. Consider the following simple example [1]: 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.

Revisiting NR coexistence studies 
For Rel-14 NR SI phase, extensive studies have been done on the coexistence of mmWave NR systems. The table below shows the interpolated ACIR value for DL.
Table 5.5-7: Interpolated ACIR values for DL to meet the 5% throughput loss criteria at 30GHz
	Scenario
	Indoor
	Urban macro,
ISD=200m
	Urban macro,
ISD=300m
	Dense urban

	NF [dB]
	9
	11
	9
	11
	9
	11
	9
	11

	Nokia,
ALU
	Average
	15.73 
	15.73 
	11.85 
	11.81 
	14.29 
	14.11 
	5.00 
	5.00 

	
	5%-tile
	14.88 
	14.87 
	19.90 
	19.95 
	23.02 
	19.59 
	7.37 
	8.52 

	Ericsson *
	Average
	15.63 
	　
	14.53 
	　
	　
	　
	12.23 
	　

	
	5%-tile
	17.32 
	　
	18.72 
	　
	　
	　
	14.63 
	　

	NEC
	Average
	15.19 
	16.10 
	12.47 
	12.47 
	12.62 
	12.55 
	9.66 
	9.24 

	
	5%-tile
	13.79 
	16.10 
	12.32 
	11.41 
	8.83 
	7.62 
	10.68 
	7.56 

	China
Telecom
	Average
	　
	　
	14.11 
	14.06 
	16.57 
	16.53 
	　
	　

	
	5%-tile
	　
	　
	20.80 
	20.04 
	26.47 
	26.13 
	　
	　

	Huawei
	Average
	15.72 
	15.72 
	13.57 
	13.53 
	15.95 
	15.83 
	7.10 
	6.83 

	
	5%-tile
	14.47 
	14.47 
	23.38 
	22.22 
	25.52 
	26.34 
	11.92 
	12.73 

	ZTE
	Average
	16.21 
	16.23 
	9.19 
	9.43 
	　
	　
	5.05 
	5.49 

	
	5%-tile
	14.75 
	15.92 
	24.79 
	27.89 
	　
	　
	18.81 
	17.17 

	Samsung
	Average
	15.68 
	15.68 
	8.89 
	8.87 
	9.39 
	9.37 
	5.00 
	5.00 

	
	5%-tile
	14.62 
	14.62 
	13.62 
	13.02 
	9.14 
	8.35 
	8.93 
	7.51 

	CATT
	Average
	15.45 
	15.45 
	15.13 
	15.12 
	　
	　
	10.10 
	9.91 

	
	5%-tile
	13.14 
	13.14 
	20.58 
	23.85 
	　
	　
	14.14 
	13.51 

	Qualcomm
	Average
	16.17 
	16.18 
	12.32 
	12.30 
	12.47 
	12.43 
	6.12 
	5.80 

	
	5%-tile
	13.47 
	13.47 
	13.49 
	13.16 
	9.55 
	9.14 
	10.33 
	8.96 

	Intel
	Average
	15.64 
	15.90 
	8.16 
	8.35 
	10.70 
	9.71 
	5.00 
	5.00 

	
	5%-tile
	15.78 
	14.55 
	16.48 
	17.99 
	19.08 
	19.17 
	6.47 
	5.00 

	LG
	Average
	19.59 
	19.59 
	8.91 
	9.42 
	14.49 
	16.32 
	7.83 
	10.46 

	
	5%-tile
	15.51 
	15.51 
	23.43 
	22.90 
	23.36 
	23.05 
	15.46 
	14.60 

	* NF=10 is assumed



Table 5.5-10: UE ACS
	　
	30GHz
	45GHz
	70GHz

	UE ACS value [dB]
	22.5
	21.5
	20.5



Table 5.5-11: BS ACLR
	　
	30GHz
	45GHz
	70GHz

	BS ACLR value [dB]
	27.5
	25.5
	23.5



Looking at the ACIR results above and along with thr decided ACLR values as in Table above, according to investigations by majority of the companies, there is 8~10dB margin in ACLR for 30GHz case. The margins are large for low power cases, i.e. dense urban and indoor cells. Similar margins can also be seen for other frequency cases. Thus, this can be ensured that, the absolute limit to BS ACLR will not cause degradation in coexistence performance for NR, when low power BS is used. 
Observation: Introducing absolute limit for BS ACLR will not cause degradation to NR coexistence performance.
Proposal
Based on the above discussions, we propose the following: 
Proposal: Absolute ACLR limits for mmWave NR BS shall be equal to in-band spurious emission limit.
The above proposal is inline with previous proposal from other companies, such as [3].  
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