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1. Introduction
RAN4#74 in Athens agreed WF on Adjacent channel coexistence evaluation in [1]. This WF defines two steps for evaluation metric; Step-1: cdf of the total adjacent channel interference (ACI) seen at adjacent channel when an interferer is transmitting on a neighboring carrier and Step-2: Throughput degradation for victim system due to adjacent channel interferer(s). 
On the RAN4#74bis in Rio de Janeiro were presented simulations results from dynamic simulation for indoor scenario in [6]. Presented in [6] results confirm, that for indoor scenario LAA is a better neighbour than another Wi-Fi network.

This paper presents additional simulation results and analyses for outdoor scenario with the focus in LAA as aggressor and Wi-Fi as victim to validate that also for outdoor scenario LAA is at least as good or better neighbour to Wi-Fi than another Wi-Fi network as for indoor scenario.
2. Simulation assumptions

In this contribution we focus on studying Case-2 co-existence of RAN4 WF in [1] where LAA is aggressor and Wi-Fi victim system as shown in Figure 1. 
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Figure 1: LAA-to-Wifi co-existence scenarios

The simulator type used for results in this paper is a dynamic similar to the one used for RAN1 LAA – Wi-Fi co-channel co-existence simulations. For the RAN4 LAA – Wi-Fi adjacent channel co-existence study purposes LAA and Wi-Fi are simulated on the adjacent frequency channel and ACI from the neighbour channel and system is modelled. For the dynamic system simulations it was agreed in [1] that the assumptions for dynamic simulations will follow the RAN1 assumptions plus adjacent channel RF aspects. Our dynamic system simulator has detailed models for WLAN and LAA including LAA scheduler, Clear Channel Assessment Energy Detection (CCA ED) and Listen Before Talk (LBT). Additionally ACI is modelled to the simulator. The ACI model used in the simulations is described in detail in [3]. 
For WLAN ACLR of -26.35 dBc and ACS of 22 dB were used. For LAA different ACLR figures were simulated ranging from – 45 dBc to -26.35 dBc. In the simulations the RAN1 outdoor scenario following the assumptions of [2] were used as agreed in [1]. 
Results for both Load Based Equipment (LBE) and Frame Based Equipment (FBE) were simulated and analysed as both options are considered in RAN1. Several data load values were also simulated and corresponding buffer occupancies are described in Appendix 1.
WLAN UL and DL data traffic is enabled with 50 – 50 % UL – DL load. LAA has only DL traffic.
3. Simulation results
In section 3.1 we present simulation results Step-1 and Step-2 following the RAN4 WF in [1].

· Step-1: cdf of the total adjacent channel interference (ACI) seen at adjacent channel when an interferer is transmitting on a neighboring carrier 

· Step-2: Throughput degradation for victim system due to adjacent channel interferer(s). 
As discussed in Section 2 we focus on LAA to Wi-Fi interference scenarios and co-existence studies in this contribution. In order to validate that LAA is at least as good or better neighbour that another Wi-Fi on the adjacent channel we have also simulated Wi-Fi to Wi-Fi reference cases as well as a baseline case where only one Wi-Fi network is present without any aggressor system on the adjacent channel.

Additionally Section 3.2 shows co-channel interference results for the simulated cases.

3.1 Adjacent channel interference and Throughput Results
In this section we present Adjacent Channel Interference (ACI) and throughput simulation results for different packet arrival rates 0.05 pkt/s to 1.4 pkt/s in order to understand co-existence performance with different loading levels. Three different LAA ACLR figures of -45 dBc,-30 dBc and -26.35 dBc have been simulated in order to understand how sensitive co-existence is to different LAA ACLR assumptions. As discussed earlier, the results are presented for the two agreed evaluation metrics Step-1 and Step-2.
Step-1 evaluation metric was agreed to be:
“Step-1:Transmission opportunity for LAA at adjacent channel due to wifi interferer. i.e. To plot the cdf of the total adjacent channel interference (ACI) seen at adajcent channel when an interferer is transmitting on a neighboring carrier”

The plots of ACI from LAA to WLAN are shown in the left hand side on Figure 3 to Figure 10.

Step-2 evaluation metric was agreed as:

“Throughput degradation for victim system due to adjacent channel interferer(s) “ 

The corresponding WLAN throughput figures are shown on the right hand side in the Figure 3 to Figure 10 with different LAA ACLR assumptions and WLAN-WLAN reference case 
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Figure 3: 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 = 0.05 pkt/s
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Figure 4: 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 = 0.2 pkt/s
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Figure 5: 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 = 0.4 pkt/s
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Figure 6: 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 = 0.6 pkt/s
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Figure 7: 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
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Figure 8: 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 = 1.0 pkt/s
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Figure 9: 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 = 1.2 pkt/s
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Figure 10: 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 = 1.4 pkt/s

Similarly as in the indoor scenario we see from these outdoor simulation results that the WLAN throughput results are higher when LAA is on the adjacent than that if WLAN is on the adjacent channel. This is the case for all the simulated LAA ACLR figures; -45 dBc,-30 dBc and -26.35 dBc. Also these simulation results in the outdoor scenario show that LAA is better adjacent channel neighbour than another WLAN.

Observation1: Also in the outdoor scenario LAA is better adjacent channel neighbour than another WLAN with all the simulated LAA ACLR figures of -45 dBc,-30 dBc and -26.35 dBc. 

3.2 Co-channel interference

This section presents results for co-channel interference per subcarrier. These are additionally results, which were not requested in the RAN4 WF in [1]. However, we believe that these results provide additional information on how WLAN co-channel interference behaves with different packet arrival rates (loads) and in cases of adjacent channel aggressor; WLAN or LAA with different ACLR assumptions. 
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Figure 11: Co-channel WLAN interference per subcarrier for Packet arrival rate 0.05 pkt/s and 0.2 pkt/s
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Figure 12: Co-channel WLAN interference per subcarrier for Packet arrival rate 0.4 pkt/s and 0.6 pkt/s
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Figure 13: Co-channel WLAN interference per subcarrier for Packet arrival rate 0.8 pkt/s and 1.0 pkt/s
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Figure 14: Co-channel WLAN interference per subcarrier for Packet arrival rate 1.2 pkt/s and 1.4 pkt/s

4. Conclusions
In this contribution we have presented our LAA to Wi-Fi co-existence simulation results in the outdoor scenario. In the simulations we have focused on Case-2 of the agreed RAN4 WF in [1] where LAA is aggressor and Wi-Fi victim system. 

Both Load Based Equipment (LBE) and Frame Based Equipment (FBE) were simulated. For WLAN ACLR of -26.35 dBc and ACS of 22 dB were used in the simulations. For LAA different ACLR figures were simulated ranging from – 45 dBc to -26.35 dBc. 
Both ACI and throughput results are presented as follows;

· Step-1: cdf of the total adjacent channel interference (ACI) seen at adjacent channel when an interferer is transmitting on a neighboring carrier 

· Step-2: Throughput degradation for victim system due to adjacent channel interferer(s). 
Based on our outdoor simulation results and discussions in the contribution the following observations can be made.

Observation1: Also in the outdoor scenario LAA is better adjacent channel neighbour than another WLAN with all the simulated LAA ACLR figures of -45 dBc,-30 dBc and -26.35 dBc. 
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