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1
Introduction
In the last RAN meeting held in Malmö (RAN#68) the Study Item on license assisted access (LAA) has been finished. Outcomes and conclusions from the SI phase are documented in TR 36.889 [1]. Also, at the same RAN meeting, new Work Item on license assisted access was approved [2].
In this contribution we discuss base station adjacent channel leakage ratio (ACLR) values for LAA operation in unlicensed band.
2
ACLR considerations for LAA
During last RAN4 meetings (RAN4 #74bis, RAN4 #75), several contributions were presented addressing adjacent channel coexistence simulations results [3][4][5][6][7][8][9][10][11]. Based on these contributions from different companies RAN4 concluded that LAA and Wi-Fi can coexist in adjacent channel which is reflected in TR 36.889:

In Section 8.3.3 for Adjacent channel interference analysis for Wi-Fi-LAA scenario:
“In summary, because of the better LAA RF performance, when looking at impact of LAA on Wi-Fi, we can conclude that the amount of adjacent channel interference created by LAA UEs and BSs will be lower compared to the one created by Wi-Fi APs and STAs.“ 

In Section 8.3.3.5 conclusions for Adjacent channel coexistence simulation results:
“As a general observation, it is worth noticing that in a generic case LAA performance is affected by adjacent interference coming from other LAA nodes and from nodes operating in the same 5GHz band belonging to other technologies and with different ACLR requirements. Therefore, when looking at LAA performance it is worth considering that it is not possible to guarantee that ACI will always be low enough, due to the contribution from other technologies implementing a different ACLR. Thus, when looking at LAA performance in 5GHz unlicensed band, a low perceived adjacent channel interference cannot be guaranteed in case other technologies than LAA are transmitting in the same area. “ 

In Section 8.3.4 conclusions from LAA-LAA evaluations:
“Coexistence analysises have been carried out for the LAA to LAA coexistence scenarios by taking into account different network conditions. Simulations presented in this document showed that:

-
Legacy RF requirements guarantee LAA to LAA ACI coexistence. 

-
From ACI point of view, ACLR values lower than legacy requirement cause a limited impact in SINR performance (and hence to throughput performance since SINR and throughput are linearly related) in the scenario of DL to DL. 

-
From throughput loss point of view ACLR values should be larger than certain value to ensure coexistence for LAA to LAA in the scenario of DL to UL. 

Finally, we observed that since LAA and Wi-Fi are supposed to co-exist in 5GHz spectrum, any possible modification of existing LTE RF requirements should take into account also Wi-Fi RF requirements.” 

Above mentioned RAN4 contributions with the simulations results for adjacent channel coexistence contain also ACLR results values different than 45 dBc (which was the baseline value for compatibility analysis). According to these simulation results, LAA causes less adjacent channel interference to a Wi-Fi system compared to another Wi-Fi system (even the ACLR is less stringent than 45dBc). Simulation results shows that for ACLR lower than the baseline value, LAA can still be better neighbour for Wi-Fi, than the other Wi-Fi network. This will be as far as LAA BSs will have better ACLR compared to Wi-Fi STAs/APs and the amount of interference leakage into the adjacent victim channel created by LAA nodes will be lower to a victim Wi-Fi AP/STA compared to the one created by Wi-Fi APs and STAs [1].  

We can conclude that, as long as LAA RF performance will be better then Wi-Fi, adjacent channel interference created by LAA will be lower compared to the one created by Wi-Fi.

Legacy LTE ACLR values were delivered considering the impact of an aggressor LTE system to a victim LTE system to fulfil appropriate LTE quality and performance assumptions within licensed bands operations. In LAA case, the situation is different as an operating band is in unlicensed band, which can be used by different radio systems with less stringent RF requirements. If other systems in unlicensed band do not need to require any ACLR values or their other parameters, which can be converted to ACLR, would give less stringent ACLR value, there will be still the impact to LAA performance. This means that even LAA ACLR requirement are tight this does not guarantee LAA performance. 
Thus, RAN4 should study base station ACLR and Cumulative ACLR (CACLR) values for LAA operation in unlicensed band, taking into account points mentioned above.

Figure 1 is an example of simulation results from [3] with different values of ACLR used for adjacent channel interference for outdoor scenario. Also in other contributions from different companies ACI simulations with ACLR different than 45 dBc can be found.
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Figure 1:  ACI of LAA to WLAN for LAA LBE and FBE, and WLAN Throughput when adjacent channel is operated by another WLAN or LAA, for Packet arrival rate = 0.8 pkt/s [Source R4-151537]

3 
Conclusion
Taking into account aspects mentioned above, RAN4 should define proper base station ACLR and Cumulative ACLR (CACLR) values for LAA operation in unlicensed band.
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