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1 Introduction
This contribution contains the simulation assumptions and preliminary conclusion of adjacent channel coexistence study for LAA and Wi-Fi in 5GHz. According to approved deployment scenario at RAN1#78bis meeting, this contribution proposed to reuse relevant simulation assumptions from study item [1] and also summarized the relevant parameters assumed to determine the LAA and Wi-Fi leakage on adjacent channel. This document also summarizes conclusions from adjacent channel coexistence evaluations in 5GHz
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8A. Adjacent channel interference analysis
8A.1 Overview of evaluation methodology.

The aim of this chapter is to evaluate the impact of Adjacent Channel Interference (ACI) on system performance. Therefore, we will consider a generic scenario in which aggressor system and victim system use adjacent channels. 3GPP has a consolidated procedure to evaluate the impact of ACI, this methodology is based on modelling Adjacent Channel Interference Ratio (ACIR) as described in [27]. 

In this chapter, we first give a detailed description of ACIR modelling and then adapt the simulation methodology specified in [27] to a scenario in which the victim and aggressor system has different RF characteristics. It is worth noticing that from ACI point of view a system with better RF performance will create lower interference. As a consequence when looking at the impact of LAA to Wi-Fi compared to the Wi-Fi + Wi-Fi scenario, a direct conclusion can be drawn based on the RF specifications which determine the ACIR value. 

8A.2 ACIR modelling
ACIR can be expressed as a function of Adjacent Channel Leakage Ratio (ACIR) and Adjacent Channel Selectivity (ACS) [27]:
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It is worth noticing that ACLR and ACS values are not defined in IEEE specification [25]. However, a spectrum emission mask is defined for each transmission bandwidth. Figure 8A.2.1-1 shows the spectrum mask defined for the 20MHz case. Since the emission mask is expressed in dBr, i.e. the provided is relative to the in-band PSD, ACLR that Wi-Fi should satisfy in 5GHz can be simply obtained by integrating the mask in the first frequency region charactering the first ACLR [25]. This integration process leads to a value of about 26.3dBc. 
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Figure 8A.2-1 802.11 transmit spectrum mask for 20MHz
Regarding the ACS, IEEE specification does not include a parameter consistent with ACS definition, however the Adjacent Channel Rejection (ACR) is included as part of the receiver requirements [25]. ACR is defined as a function of the adopted MCS as reported in table 8A.2-1.

Table 8A.2-1 Adjacent Channel Rejection and Sensitivity from [25].

	Modulation
	Coding Rate
	Adjacent Channel Rejection (dB)
	Sensitivity (dBm) for 20MHz channels

	BPSK
	 1/2
	16
	–82

	QPSK
	 1/2
	13
	–79

	QPSK
	 3/4
	11
	–77

	16-QAM
	 1/2
	8
	–74

	16-QAM
	 3/4
	4
	–70

	64-QAM
	 2/3
	0
	–66

	64-QAM
	 3/4
	-1
	–65

	64-QAM
	 5/6
	-2
	–64


By taking into account the SNR and Implementation Margin (IM) a value equivalent to the ACS value defined in 3GPP could be derived. However, it is worth noticing that the definition of aggressor system is not the same when considering 3GPP or IEEE specification. Many contributions have been submitted to RAN4 to derive a minimum ACS requirement for Wi-Fi based on Table 8A.2-1. In this section, in order to capture the differences related to the different definitions, we will consider an ACS range to model Wi-Fi. Using a range from 22dB to 29dB we will be able to cover extreme cases in which Wi-Fi has very poor performance or better performance compared to LAA UEs. 

Based on the above observations, table 8A.2-2 summarizes the ACIR values used to model both Wi-Fi and LAA.   
Table 8A.2-2. ACIR values when Wi-Fi is the victim system.

	Study Case
	Wi-Fi ACS (dB)
	Aggressor ACLR (dBc)
	ACIR (dB)

	LAA node to Wi-Fi AP/STAs


	22
	45


	21.98

	
	25
	
	24.96

	
	29
	
	28.89

	LAA UE to Wi-Fi AP/STAs


	22
	30


	21.36

	
	25
	
	23.81

	
	29
	
	26.46

	Wifi AP/STAs to Wi-Fi AP/STAs


	22
	26.35


	20.64

	
	25
	
	22.61

	
	29
	
	24.47


The table summarizes all the possible cases of interference when Wi-Fi AP/STA is a victim and when one of the following is the aggressor

· LAA BS or 

· LAA UE or

· Another WI-Fi AP/STA

As it can be observed, for the same ACS value, when LAA is the aggressor ACIR value is larger compared to the case when Wi-Fi is the aggressor. This is simply due to the better ACLR available for LAA. In particular, as far as LAA UEs and BSs have better ACLR compared to Wi-Fi STAs/APs 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. 

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 the next section, we will consolidate the above observation by taking into account an evaluation methodology based on [27]. 

8A.3 Simulation methodology for adjacent channel co-existence simulations
In this section, scenarios and methodology for evaluating adjacent channel coexistence between different networks in the unlicensed band are described. The methodology is based on [27] and adapted to take into account s layout in which aggressor and victim systems have different RF characteristic. 

The following scenarios for adjacent channel coexistence are taken into account:
-
Indoor scenario

-
Outdoor scenario.
Both of scenarios could be reused from chapter 8.1. For adjacent channel interference analysis, it can be only considered the unlicensed band.

The coexistence cases for adjacent channel evaluations that have been studied are as follows:

   -  Wi-Fi to Wi-Fi, which could be the baseline to evaluate case of LAA to Wi-Fi.
-
Wi-Fi to LAA

-
LAA to Wi-Fi
8A.4 Adjacent channel coexistence simulation results

There are quite a few results provided in [28-34]. In this section the simulation results are shown considering both static and dynamic simulation. 
8A.4.1 Static simulation
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Figure 8A.4.1-1. Rx power distributions of Wi-Fi when LAA and WiFi neighbouring in indoor scenario [28]
In Figure 8A.4.1-1, the received power distributions at Wi-Fi are plotted considering Wi-Fi DL/UL split 50%/50%.The plots show useful received power, co-channel interference, and adjacent channel interference considering both Wi-Fi + Wi-Fi (blue curves) and LAA + Wi-Fi (red and green curves) deployment in indoor scenario. More details are found in [28] 
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Figure 8A.4.1-2. Rx power distributions when LAA and Wi-Fi not neighbouring in indoor scenario [29]
In Figure 8A.4.1-2, the interfering node is randomly chosen, excluding the neighbouring node of the interfering network The plots show adjacent channel interference considering both Wi-Fi + Wi-Fi and LAA + Wi-Fi deployment in indoor scenario. More details are found in [29].
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Figure 8A.4.1-3. Rx power distributions in outdoor scenario [30]

In Figure 8A.4.1-3, the received power distributions at Wi-Fi are plotted considering Wi-Fi DL/UL split 50%/50%. The plots show adjacent channel interference considering both Wi-Fi + Wi-Fi and LAA + Wi-Fi deployment in outdoor scenario. More details are found in [30]. 
As it can be observed, in all the scenarios taken into account the amount of ACI generated by LAA is lower compared to the one created by Wi-Fi. This is consistent with observations made in section 8A.2.
8A.4.2 Dynamic simulation
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Figure 8A.4.2-1. Adjacent channel interference of LAA to WLAN for LAA LBE and FBE [31]
The ACI simulations results show that with different packet arrival rates for both LAA LBE and FBE modes ACI caused by LAA to Wi-Fi and ACI caused by another WLAN. More details are found in [31]. 
From figure 8A.4.2-1, observations made in section 8A.2 and 8A.4.1 are confirmed, that is ACI from LAA to Wi-Fi is lower compared to intra Wi-Fi ACI.
8A.5 Conclusions
Based on the simulation results provided in 8A.4, it can be concluded that LAA and Wi-Fi can coexist in adjacent channels. According to simulation results, LAA causes less adjacent channel interference to a Wi-Fi system compared to another Wi-Fi system. In other words, LAA is a better neighbour than another WiFi system in terms of adjacent channel coexistence with Wi-Fi system. 
<End of TP>
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