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1. Introduction
It was agreed RAN4#74 Athens that RAN4 will perform LAA adjacent channel co-existence simulations [1]. For simulations, a model for adjacent channel interference is needed. 

This paper analyses the adjacent channel aggressor contribution to own channel interference.  
2. Discussion
There are two effects to be modelled, adjacent channel leakage from aggressor to victim channel and adjacent channel blocking effect where the adjacent channel signal will fold on to the own channel due to limited FFT bit length and channel filtering in the receiver.

2.1 WLAN specification for adjacent channel rejection

In adjacent channel simulations, impact of the adjacent channel aggressor to the own channel needs to be modelled. WLAN specification [2] indicates Adjacent Channel Rejection (ACR) levels for different Modulation and Coding Schemes (MCS). ACR is defined for adjacent channel WLAN signal and it requires device to receive at equal Packer Error Rate (PER) than in reference sensitivity conditions (10%) in the presence of adjacent channel interferer of the level defined by the ACR number and it allows for 3 dB higher own signal level in the test. Assuming that the interference from the adjacent channel is similar to white noise, it can be deducted that the increase in the level of total noise due to the adjacent channel interferer is 3 dB, hence the contribution of the Adjacent Channel Interferer (ACI) is equal to the thermal noise in the receiver without the interferer. 
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Figure 1 Illustration of interferers

Thermal noise in receiver can be calculated by adding signal bandwidth, receiver noise figure and implementation margin to thermal noise:

NThermal=-174 dBm+10*log10(BW)+Nf+IM

NThermal=-174 dBm+10*log10(17.5E6)+10+5 = -86.6 dBm

Reference sensitivity for MCS 0 is -82 dBm and resulting SNR is 4.6 dB. Similarly for other MCS’s:

Table 1 WLAN SNR for MCS’s

	MCS
	SNR_REFSENS
	Thermal
	REFSENS
	ACR

	0
	4,56962
	-86,5696
	-82
	16

	1
	7,56962
	-86,5696
	-79
	13

	2
	9,56962
	-86,5696
	-77
	11

	3
	12,56962
	-86,5696
	-74
	8

	4
	16,56962
	-86,5696
	-70
	4

	5
	20,56962
	-86,5696
	-66
	0

	6
	21,56962
	-86,5696
	-65
	-1

	7
	22,56962
	-86,5696
	-64
	-2


Assuming that the ACI from adjacent channel is equal to the thermal noise, the relation between the adjacent channel interferer power and interference to the victim channel can be derived:
ACI = PInterf - ACR - 3 dB - SNRREFSENS     [dBm, dB]
The total Signal to Interference and Noise Ratio (SINR) in the presence of adjacent channel aggressor can then be calculated:

SINR = Pown / (Noise+ACI)    [W]
The ACI is a sum of ACLR and the Adjacent Channel Blocker Interference (ACBI) that folds to the own channel in the receiver as shown in Figure 1. 

ACI = ACLRI + ACBI   [W]
2.2 LAA to WLAN Adjacent channel interference

For the case of LAA aggressor and WLAN victim, the LAA base station ACLR (ACLRLAA) is different from WLAN transmitter and the contribution of the ACLRLAA to ACI is different from ACLRWLAN. To calculate the difference, the ACBI needs to be solved. It is fair to assume the LAA and WLAN signals resemble each other as blockers to assume ACBI are the same when the power levels and occupied bandwidths are the same. 
The contribution of the ACBI can then be calculated by subtracting the ACLR contribution from ACI value.

The equivalent ACLR from WLAN mask (ACLRWLAN) is calculated in [3] and further offline discussion with interested parties concluded that the number to be used in this study is 26.35 dBc. Hence, 

ACLRI = PInterf - ACLRWLAN  [dBm, dB]
Combining all of the above we get formula for Adjacent Channel Interference for LAA – WLAN case:
ACILAAtoWLAN = ACIWLAN-ACLRIWLAN+ACLRLAA
And substituting to this previously derived formulas we get: 
ACILAAtoWLAN = 10*LOG10{10^[(PInterf - ACR - 3 - SNRREFSENS)/10] - 10^[( PInterf - ACLRWLAN)/10] + 10^[(PInterf - ACLRLAA)/10]}
From Table 1 we notice that ACR + SNRREFSENS is constant for all MCS’s (20.56). Similarly ACLRWLAN is constant in the study as for the legacy deployment it can not be assumed anything else than what is written in WLAN spec. Implementation of the formula to the simulator in a format that allows different ACLRLAA  to be studied is shown below:
ACILAAtoWLAN = PInterferer * [10^(ACLRLAA /10)-10^(-26.35/10)+10^(-23.57/10)]    [W]

ACILAAtoWLAN = PInterferer * 0.00212 [W]
To better understand the impact of the ACLR and adjacent channel leakage, we define ACI offset factor which describes how much interference is leaked from adjacent channel:
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Tabulating the offset factor for different ACLRLAA values yields Table 2.
Table 2. ACI Offset factor with different ACLRLAA values

	ACLRLAA [dBc]
	ACLRoffsetfactor
	ACLRoffsetfactor [dB]

	-26.35
	0.0044
	-23.5700

	-30
	0.0031
	-25.1173

	-35
	0.0024
	-26.2083

	-40
	0.0022
	-26.6194

	-45
	0.0021
	-26.7579


Further tabulating the interference caused by adjacent channel interferer 

Table 3 WLAN Adjacent Channel Interference as a function of ACLRLAA and PInterferer
	 
	ACLRLAA [-dBc]

	Pinterferer [dBm]
	26,35
	30
	32
	35
	40
	43
	45

	-82
	-105,6
	-107,1
	-107,7
	-108,2
	-108,6
	-108,7
	-108,8

	-77
	-100,6
	-102,1
	-102,7
	-103,2
	-103,6
	-103,7
	-103,8

	-72
	-95,6
	-97,1
	-97,7
	-98,2
	-98,6
	-98,7
	-98,8

	-67
	-90,6
	-92,1
	-92,7
	-93,2
	-93,6
	-93,7
	-93,8

	-62
	-85,6
	-87,1
	-87,7
	-88,2
	-88,6
	-88,7
	-88,8

	-57
	-80,6
	-82,1
	-82,7
	-83,2
	-83,6
	-83,7
	-83,8

	-52
	-75,6
	-77,1
	-77,7
	-78,2
	-78,6
	-78,7
	-78,8

	-47
	-70,6
	-72,1
	-72,7
	-73,2
	-73,6
	-73,7
	-73,8

	-42
	-65,6
	-67,1
	-67,7
	-68,2
	-68,6
	-68,7
	-68,8

	-37
	-60,6
	-62,1
	-62,7
	-63,2
	-63,6
	-63,7
	-63,8

	-32
	-55,6
	-57,1
	-57,7
	-58,2
	-58,6
	-58,7
	-58,8


2.3 WLAN – LAA Adjacent channel interference

For WLAN to LAA ACI, we can analyse ACLR and blocking contributions similarly as in WLAN case. ACS is defined with 5 MHz blocker also for 20 MHz case in TS36.101. As the analysis needs to be applicable to the case where blocker is WLAN, we will do the analysis for 5 MHz victim channel BW where the blocker is defined equally as 5 MHz wide. This will ensure the ACLR extends to the whole victim occupied bandwidth and is therefore equal to the 20 – 20 MHz case.
Assume interferer is basestation signal with ACLR of 45 dBc. SNR in reference sensitivity conditions is -1 dB which is assumed also in ACS conditions. For ACS case 1 in TS36.101 sub-section 7.5, adjacent channel interferer is 45.5 dB higher than own signal. The ACLR contribution is therefore 0.5 dB above reference sensitivity power. Noise in receiver is -96 dBm for 4.5 MHz occupied bandwidth, 9 dB receiver noise figure and 2.5 dB implementation margin. Reference sensitivity for one receiver is -97 dBm and interference due to adjacent channel blocker leakage is -96.5 dBm. The reference sensitivity and ACS definitions are illustrated in Figure 2.
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Thermal and ACLR originated noise we get:
PThermal+ACLR = 10*log10[10^(PThermal/10)+10^(PACLR/10)]          [dB, dBm]
Substituting we get PThermal+ACLR = -93.2 dBm

ACS specification allows for 14 dB higher own signal power in the presence of adjacent signal blocker as shown in Figure 2, and assumes that throughput is the same as in reference sensitivity conditions. Interference due to adjacent channel ACLR and thermal noise is known and we can calculate what the contribution of blocker effect is when we know the target SINR, similarly as in earlier sub-sections. 
SINR=Pown / (PACBI + PThermal+ACLR ) [W]
PACBI = (Pown/SINR) - PThermal+ACLR  [W]
Substituting from above, we get PACBI=-82.3 dBm and ratio of adjacent channel power and interference due to blocker (ACBI) is 30.8 dB when excluding the ACLR contribution.
For 20 MHz channel BW, ACS is relaxed by 6 dB. This relaxation comes from the fact that the channel filter is assumed to have the same topology as for the narrower channel BW’s and the stopband attenuation is relative to the passband bandwidth. The ACS relaxation is therefore partitioned totally for ACBI. ACLR is the same. Resulting ACBI is 30.8 dB – 6 dB = 24.8 dB. Open form formula for the ACI in the LAA receiver from WLAN adjacent channel aggressor is:

ACIWLANtoLTE = 10*LOG10{10^[(PInterf - 24.8)/10] + 10^[(PInterf - ACLRWLAN)/10]}
Substitute WLAN ACLR number (26.35), yields LAA victim WLAN aggressor adjacent channel interference formula:

ACIWLANtoLTE = 10*LOG10{10^[(PInterf - 24.8)/10] + 10^[(PInterf - 26.35)/10]}

ACIWLANtoLTE = 0.0056*Pi [W]
Results from the formula above are tabulated in Table 4. 

Table 4. Added noise in LAA receiver due to adjacent channel WLAN blocker  

	Pinterferer [dBm]
	ACIWLANtoLAA [dBm]

	-82
	-106,8

	-77
	-101,8

	-72
	-96,8

	-67
	-91,8

	-62
	-86,8

	-57
	-81,8

	-52
	-76,8

	-47
	-71,8

	-42
	-66,8

	-37
	-61,8

	-32
	-56,8


2.3 Reference case WLAN to WLAN
For reference, ACI caused by adjacent channel WLAN needs to be analysed. We can use formulas already derived in the sub-section 2.2 to derive ACI directly from ACR:
ACIWLANtoWLAN = 10*LOG10{10^[(PInterf - ACR - 3 - SNRREFSENS)/10]}           [dBm, dB]

Or

ACIWLANtoWLAN = PInterf* 0.00441 [W]
3. Conclusion
Modelling of the ACI in LAA to WLAN, WLAN to LAA and WLAN to WLAN was presented. The model is based on total interference power. The ACI powers can be calculated with:

LAA to WLAN:

ACILAAtoWLAN = 10*LOG10{10^[(PInterf - ACR - 3 - SNRREFSENS)/10] - 10^[( PInterf - ACLRWLAN)/10] + 10^[(PInterf - ACLRLAA)/10]}
WLAN to LAA:

ACIWLANtoLTE = 10*LOG10{10^[(PInterf - 24.8)/10] + 10^[(PInterf - ACLRWLAN)/10]}

WLAN to WLAN:

ACIWLANtoWLAN = 10*LOG10{10^[(PInterf - ACR - 3 - SNRREFSENS)/10]}
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