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Introduction
In [1], we proposed an ACS specification of -23 dBc for mm-wave UE’s based on co-existence studies.  In this paper, we provide a more detailed analysis of the ACS specification, taking into account link budget and RFIC losses. To simplify the analysis, we consider blockers in the spatial beam of the desired signal, without considering spatial rejection.
Discussion
Consider the jammer scenario in Fig. 1, which has also been proposed in recent papers (cf. [2], [3] and [4]). The ACS blocker lies along the spatial direction of the desired signal, since this represents a worst-case analysis.
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Figure 1:  In-band ACS blocker


Consider the major impairments or issues caused by strong in-band blockers:
· Inter-modulation terms in the RX path that de-sensitizes the LNA
· Adjacent channel leakage that appears in-band at the victim  
· Reciprocal mixing of the aggressor into victim’s baseband due to phase noise
· Increased analog filtering requirements at the victim, or higher residual signal if blocker  is not adequately filtered
· Higher dynamic range in the digital data path.
Instead of studying the entire RF receive chain, which is strongly implementation dependent, we study the channel link budget as seen by the UE, and the major impairments of the first 1 or 2 elements in the RF chain, particularly the LNA. 
The analysis is presented in Table 1. The analysis uses parameters that are consistent with the co-existence studies, including antenna configuration, path losses, shadowing effects, ACLR values and NF. The phase-noise mask is as proposed in [4]. 
Table 1
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The analysis in Table 1 shows that an ACS level of -23 dBc is feasible, i.e., the inter-mods, adjacent-channel leakage, and reciprocally mixed terms will de-sensitize the RX path to a small extent, but not appreciably, as these terms are still lower than thermal noise floor.
The associated blocker level at an ACS of -23dBc is about -55 dBm.

Conclusion
In this paper, we presented an analysis for a feasible ACS level that is aligned with the proposal in [1]. The proposed ACS value of -23 dBc, and associated blocker level of -55 dBm, satisfies RFIC constraints and link budget. 
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Input parameters Value Units

EIRP of  serving BS,  and also of aggressor BS's 75 dBm

BW 100.0 MHz

center frequency 28.0 GHz

distance from serving BS to UE 200.0 m

distance from aggressor BS to UE (ACS). Assume same direction. 15.0 m

NF of UE 10 dB

IIP2 of LNA 0 dBm

IIP3 of LNA -30.0  dBm

Coex study ACLR  value from BS to UE 23.0 dB

Desired EVM for coded QPSK -1 dB

Element gain 5 dB

Array gain 6.0 dB

Integrated close-in phase noise -30.0 dBc

Far-out Phase noise PSD (f  > 50 MHz)  -130 dBc/Hz

Atmospheric absorption, and hand-blocking losses 50.0 dB

Path loss from signal source to LNA input (including  antenna element gain)

Path loss from serving BS to UE 152.4

dB

Path loss from aggressor to victim (ACS) 129.9

 dB

Thermal noise and wanted signal @ LNA input

input-referred thermal noise at UE  = KTBF -84.0

dBm

required  power of wanted signal  = input-referred  noise   - array gain +  EVM of desired signal -92.8 dBm

actual power of wanted signal. Compare with row above -77.4 dBm

Blocker strengths relative to wanted signal

Computed ACS ratio 22.5 dB

Power of ACS blocker -54.9 dBm

SINR calculation @ LNA input

power of desired signal and ACS blocker at antenna output -54.9 dBm

input-referred IM2 terms -109.8 dBm

input-referred IM3  terms -104.6  dBm

thermal noise (copied from above) -84.0 dBm

ACLR from BS to  Rx path -100.4 dBm

Reciprocal mixing of ACS blocker -104.9 dBm

Close-in phase noise -107.4 dBm

Desired EVM of signal (copied from input parameters ) -1 dB

SNR at UE input = desired signal / (inter-mod terms + thermal noise + "ACLR" + reciprocal mixing terms + close-in 

phase noise)

6.4 dB

Margin  7.4 dB

ACIR at the UE input =  1/((1/ACS) + (1/ACLR)) 19.7 dB
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