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1. Introduction
Unlicensed band allowed ACLR levels can be derived from spectrum mask defined in [1]. LTE studies regarding UE receiver tolerance for neighbouring channel ACLR have been made with the assumption that base station is transmitting on adjacent channel. This paper discusses possible ACLR levels in 5GHz unlicensed band on UE receiver channel. 
2. Discussion
In [2] we present possible scenario and power levels on adjacent channel in unlicensed band. Paper discuses blocking characteristics and here we concentrate on ACLR under similar scenario. 
2.1. LTE ACLR power levels 
LTE BS ACLR levels [3] are -45 dB for Home BS and max output power is 20 dBm. The UE may experience neighbouring base station power in the receiver at -19 dBm power [4]. ACLR from this scenario is therefore -64 dBm. The scenario in [4] is perhaps unlikely as even the defined maximum input power to the UE is -25 dBm and assuming this is the case, ACLR power would be -70 dBm.  
2.2. 5GHz Unlicensed band transmit spectrum mask
5GHz unlicensed band regulation requirements [1] do not specify ACLR but spectrum mask for average level of transmitter unwanted emissions. The mask requires the power to be below 0 dB to -20 dB between 0.5 to 0.55 of channel BW measured from the center frequency of the transmission, -20 dB to -28 dB between 0.55 to 1 and from -28 dB to -40 dB between 1 and 1.5 i.e. the farther edge of the adjacent channel. This is illustrated in the Figure 1.
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The dashed line in Figure 1 represent the transmit emission mask in [7] which can be assumed closer to the practical case. For other parts, it is the same than in [1]. This has no impact in to the analysis in the following sub-sections. 
2.3. Comparison between unlicensed and LTE ACLR requirement

Comparing unlicensed mask directly with LTE requirements is not possible but some calculations are needed. 
LTE ACLR requirement is defined on bandwidth equal to the transmission bandwidth configuration of the transmitted signal centred on the assigned channel frequency. For 20 MHz channel BW this transmission bandwidth equals to 18 MHz. In unlicensed terminology this can be referred to as 0.55 – 1.45 * BW.
Converting the mask to real number (instead of dB) and integrating over the 0.55 to 1.45 BW range yields total adjacent channel power ratio of -27.2 dB for unlicensed band.

Observation1: Unlicensed band ACLR requirement is relaxed compared to LTE BS or UE [5] ACLR requirement.  
It is not practical to assume that a realistic device would be emitting in to the adjacent channel power that would have exactly the shape of the mask in Figure 1. On the otherhand, for our analysis we can not assume that all devices would be much better than the requirement. If we assume that the emission from WLAN or an other device on unlicensed band would have the same shape than the requirement but would have 5 dB margin to the requirement, resulting ACLR would be -32.2 dB. This is still 12.8 dB more than LTE BS ACLR with the unfair assumption that LTE BS would have no margin to the specification.

3.  LAA interference from adjacent WLAN device
With the assumptions in [2] the worst case WLAN power level at the LAA receiver can be from -19.3 dBm to -26 dBm. Leakage power level to LAA operating channel according to analysis in this paper sub-section 2.3 can be from -19.3 + (-27.2) = - 46.5 dBm to -26 + (-32.2) = -58.2 dBm. 

Comparing to the values from sub-section 2.1 yields minimum 7.8 dB difference to the leakage in LTE system. The analysis in sub-section 2.1 is assuming that the victim UE is in very close proximity to the neighbouring base station. This is possible scenario but quite rare as LTE base stations tend to be mounted on the locations that are not accessible or in case of small cells, mounted high to the walls or ceilings. The unlicensed scenario, on the otherhand, is more probable as it can occur from UE to UE. The occurrence frequency and levels of those occurrences can not be estimated without proper modelling of the network. WLAN TDD characteristics should be taken in to account with realistic traffic modelling. 

Observation2: High level of leakage from adjacent channel is more probable in unlicensed band than in licensed band but can not be quantified numerically without simulations.

The severity of larger leakage to the network performance needs to be modelled in system simulations. Without understanding how big problem this is, it is difficult to motivate proper counter actions for the problem. 
Proposal: Perform system simulations to analyse the impact of two independent systems operating on adjacent channels in to system performance. Simulator needs to have adjacent channel leakage modelled. 
4. Conclusion
Comparison of adjacent channel leakage power were discussed and two observations were made:
Observation1: Unlicensed band ACLR requirement is relaxed compared to LTE BS or UE [5] ACLR requirement. 
Observation2: High level of leakage from adjacent channel is more probable in unlicensed band than in licensed band but can not be quantified numerically without simulations.

To proceed with the LAA study and quantify the problems presented, one proposal was made:

Proposal: Perform system simulations to analyse the impact of two independent systems operating on adjacent channels in to system performance. Simulator needs to have adjacent channel leakage modelled. 
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