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1. Introduction
During the RAN1#78bis, the regulatory requirements for LAA [1] has been introduced in details. LAA has been considered in the unlicensed spectrum of 5GHz. In fact, in the IEEE protocol family, 802.11a, 802.11n, 802.11ac could all been deployed in 5GHz, which means LAA will need to coexist with these systems. 
In this contribution, WLAN 802.11a is chosen as baseline system. Coexistence comparisons between WLAN 802.11a and LAA system will be made under co-channel and adjacent channel deployment. Some transmitter and receiver specifications of WLAN 802.11a are also compared with LTE system to identity whether LAA can fulfill the legacy WLAN coexistence requirement. 
2. Discussion
Coexistence scenarios between WLAN 802.11a and LAA system under co-channel and adjacent channel deployment are listed in Table 1. 
Table1. The coexistence scenarios for LAA and WLAN

	Coexistence scenario
	Band A
	Band B

	Case 1 (baseline) 
	WLAN
	WLAN

	Case 2
	LAA
	WLAN

	Case 3
	LAA,WLAN
	WLAN

	Case 4 
	LAA,WLAN
	LAA,WLAN

	Case 5
	LAA
	LAA


Note: Band A and Band B are for the adjacent channel deployment scenarios.
For the co-channel coexistence scenarios (Case 3, 4), LAA and WLAN will use the LBT to compete for the channel usage. With different Listen-Before-Talk (LBT) strategies implemented, LAA will also cause different interference levels to the existing WLAN system. As the frame structure of LAA has not been identified, the energy-based Clear Channel Assessment (CCA) of LBT has been assumed in RAN1 for initial simulation evaluation. The threshold of energy-based CCA in LAA is the key factor for co-channel interference and fairness between LAA and WLAN. 
For the adjacent channel coexistence scenarios, LAA and WLAN are deployed in the adjacent bands, just as Case 2, Case 3 and Case 4. For this coexistence scenario, if LAA is configured as DL only mode, ACLR at LAA side should be evaluated whether it satisfies the WLAN requirements. Meanwhile, ACS at UE side in LAA should also be evaluated to identify whether it guarantees the performance of LAA.
Case 1 is the baseline scenario use to derive the WLAN RF requirements. 

Case 5 is the LAA-LAA adjacent channel coexistence scenario. This scenario could be helpful to provide some insights when mass deployment of LAA-capable network occurs. 
2.1 Case 1: WLAN only coexistence (baseline scenario)
WLAN 802.11a is selected as the baseline system to deploy. The co-channel coexistence scenario in WLAN 802.11a is shown in Figure 1. In the following section, some coexistence related requirements will be introduced to show how these requirements are set in WLAN 802.11a and give some indications how these requirements should be set in LAA. 
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Figure1. Coexistence scenario of WLAN 
2.1.1 WLAN 802.11a REFSENS requirements
The following steps are used to derive the WLAN 802.11a CCA (sensitivity) threshold:

1) Transmitter Relative Constellation Error
The Transmitter Relative Constellation Error of WLAN 802.11a is shown in Table 1. 
Table2. Transmitter Relative Constellation Error of 802.11a [2] 
	Date Rate (Mbits/s)
	Relative Constellation Error (dB)

	6
	-5

	9
	-8

	12
	-10

	18
	-13

	24
	-16

	36
	-19

	48
	-22

	54
	-25


2) Output Signal-to-Noise Ratio, SINRo
In the real system of WLAN, the requirement for relative constellation error will have 3dB margin, which means 
[Relative Constellation Error+3dB] can fulfill the demodulation requirement of WLAN. Therefore, the relationship between Relative Constellation Error and SINRo can be expressed as
SINRo=-(20*log10(EVM)+3dB margin)
     =-([Relative Constellation Error]+3dB margin)                    (1)
3) Noise Figure 

The definition of noise figure is shown in Appendix 1. NF of 10dB with 5dB implementation margin is assumed in [2], which means NF can be assumed as 5dB in the real system. 
4) Sensitivity

The minimum sensitivity, adjacent channel rejection and alternate adjacent channel rejection of WLAN 802.11a is shown in Table 3.
Table3. Receiver Performance requirements [2]
	Data Rates[Mbits/s]
	Minimum Sensitivity
(dBm)
	Adjacent channel rejection (dB)
	Alternate adjacent channel rejection (dB)

	6
	–82
	16
	32

	9
	–81
	15
	31

	12
	–79
	13
	29

	18
	–77
	11
	27

	24
	–74
	8
	24

	36
	–70
	4
	20

	48
	–66
	0
	16

	54
	–65
	–1
	15


Assuming to use 54Mbits/s 64QAM ¾, 20 MHz nominal channel bandwidth. We can also calculate the minimum sensitivity using the Step 1 – 3: 
( SINRo = 22dB, B = 20MHz, NF = 10dB 
( 10*log10(kT0B) = -174dBm/Hz+10*log10(20*10^6) dB = -101dBm
( Sensitivity= 22dB+10dB-101dBm = -69dBm
Thus, minimum Sensitivity = Sensitivity+4dB margin = -65dBm
From the derivation of minimum sensitivity of WLAN, it can be observed that the WLAN minimum sensitivity implicitly contains at least 9 dB (4 + 5 dB) margin, which implies that the WLAN receiver can tolerate larger interference margin in the specification. 
As shown in Appendix 2, there are two types of LBT detection mechanisms: Energy-based detection and preamble-based detection. The preamble based detection method requires STA and AP to know the preamble structure of WLAN. Therefore the CCA sensitivity could be much lower than that of energy based detection method. If the LAA nodes have no prior knowledge of preamble signal transmitted in WLAN, then only the energy based detection method could be used. However it still depends on the implementation of LAA node. In this proposal, only energy based detection method is assumed for LAA node. 
In the WLAN specification, the CCA threshold is set to -62 dBm for energy-based detection. This means that if the detected energy level is larger than -62 dBm, then the channel is occupied (i.e. channel busy) for that TTI, and vice-versa. This threshold is set 3 dB above the minimum sensitivity level to guarantee good demodulation performance of WLAN receiver. 
2.1.2 WLAN ACS and ACLR requirements

The following steps derive the WLAN ALCR requirement:

1) Adjacent channel rejection rate and Alternate channel rejection rate
The illustration of adjacent channel rejection rate for 54Mbits/s 64QAM 3/4 is shown in Figure 4 and Table 3. The desired signal strength of 3dB above the rate dependent sensitivity is chosen as input signal (i.e. -65 dBm + 3 = -62 dBm as in Table 3). The maximum strength of adjacent channel signal and alternate channel signal are shown in Figure 4. 
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Figure4. The illustration of adjacent channel rejection rate
With the filter mask of WLAN receiver shown in Figure 5, the co-channel interference leaked from the adjacent channel and alternate adjacent channel should be less than -85dBm (i.e. -63 dBm - 22, -47 dBm – 38). 
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Figure5. The illustration of filter mask of receiver
2) Oscillator: Phase Noise Level
Due to the phase noise in the transmitter, the adjacent channel signal and alternate adjacent channel signal will also leak into the useful signal. The illustration of leakage signal is shown in Figure 6. The phase noise requirement of the transmitter in WLAN 802.11a is given as:
· WLAN 802.11a : -110dBc/Hz@1MHz offsetS
Thus, the phase Noise Power = -110dBc/Hz+10*log10(20*10^6) (37) - 63dBm=-90dBm.
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Figure6. The illustration of adjacent channel rejection rate
Therefore, ACLR of WLAN 802.11a transmitter can be derived as (-63+ 90) = 27dBc. Comparing to LTE ACLR of 45 dBc, there is 18 dB difference, or 18 dB worse than LTE. 
2.2 Case 2, 3, 4: WLAN and LAA Coexistence Scenarios
2.2.1 Co-channel case
In the coexistence scenario of LAA and WLAN, especially for energy-based detection method in LAA, LAA will potentially increase the co-channel interference to WLAN, as shown in Figure 7. The reason is that the threshold of energy based detection method is much higher than that of preamble-based detection method. Compared with WLAN coexistence only, the increased interference will impact the peak rate of WLAN when LAA is transmitting signal. However due to the high transmission rate of LAA, transmission time of the same packet size in LAA will be shorter compared with WLAN, which means WLAN will have more access opportunity to transmit signals, hence the average rate of WLAN will be higher from time domain. 
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Figure7. Additional interference of Coexistence scenario of LAA and WLAN
The same situation will also occur as shown in Figure 8. When WLAN and LAA coexist, as WLAN AP or STA has no prior knowledge of the signal transmitted by LAA nodes, only energy based detection method could be used for channel detection. The distance between WLAN and LAA transmitting signals will be smaller compared with that of WLAN only in Figure1. However LAA has a good interference tolerance capability to handle this kind of situation. 

[image: image6.emf]LAA

WLAN UE

CCA:Energy-based detection

Received power=-62dBm

Status:OFF

Status:ON

Coverage area of LAA node will 

be reduced.

CCA: Energy-based detection

Received power=-62dBm

Status:OFF

CCA:Energy-based detection

Received power=-68dBm

Status:ON

 
Figure8. Coexistence scenario of LAA and WLAN
2.2.2 Adjacent-channel case
For adjacent channel coexistence scenario, the ACLR of LTE is 45dBc, while ACLR of WLAN 802.11a is 27dBc. Therefore, when LAA and WLAN are deployed in the adjacent channel, ACLR of LTE is sufficient to meet the coexistence requirement, compared with ACLR of WLAN.
2.3  Case 5: LAA and LAA Coexistence Scenario
When LAA nodes coexist with LAA nodes as shown in Figure 9, as there’s no similar preamble signal of WLAN designed in LAA in RAN1 till now, only the energy based detection method for LBT is assumed among LAA nodes. As shown in Figure 9, the distance between two LAA nodes transmitting the signal at the same time can be smaller. In [3], when CCA threshold for LAA internal system is increasing, the throughput of LAA system is also increasing and data transmission delay is reduced. Therefore from this aspect, LAA node can handle the increased in-channel interference.
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Figure9. Coexistence scenario of LAA and LAA
As mentioned before, which kind of CCA detection method will be used among LAA nodes still depends on whether there’s similar preamble signal designed in LAA from RAN1. If the preamble signal is also transmitted in LAA, LAA coexistence scenario will be shown as in Figure 10. The specific minimum CCA sensitivity may depend on the minimum sensitivity of minimum transmission rate in LAA, but declared CCA sensitivity for LAA may be higher than minimum sensitivity to improve the performance just like the simulation results shown in [3].
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Figure10. Coexistence scenario of LAA and WLAN
3. Conclusions
In this proposal, some analysis of WLAN 802.11a in 5GHZ are presented. As energy based detection method is assumed for LAA nodes, LAA nodes could transmit signal quite nearby WLAN AP, compared with only WLAN coexistence scenario, which means co-channel interference will increase. From the adjacent channel coexistence scenario, the ACLR of LTE can meet ACLR requirement of WLAN.
Proposal: ACLR of WLAN node can be assumed to be 27 dB. 
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Appendix 1: WLAN Noise Figure definition 
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Figure2. The illustration of Noise Figure
NF[dB]=10*log10(Si/Ni)-10*log10(So/No)                                 (2)
Appendix 2: WLAN CCA Detection Method
When LAA and WLAN are deployed in the same channel, LAA may need to take LBT strategy to compete for the channel usage. In fact, LBT has been implemented in WLAN system, including energy-based detection method and preamble-based detection method. The specific detection point of LBT in WLAN is shown in Figure 3. 
In fact, CCA sensitivity of WLAN 802.11a contains two thresholds, corresponding to two different detection methods. 

1) -62dBm, this threshold is corresponding to the energy-based detection method, similar to RSSI in the LTE. It is 20 dB higher than -82dBm of preamble-based detection method .Only when the preamble signal at WLAN receiver side is lost, this threshold will be used to decide whether the channel is occupied or not.  

2) -82dBm, this threshold is corresponding to the preamble-based detection method. It is also equal to the minimum sensitivity of 6Mbits/s in WLAN 802.11a. 
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Figure3. CCA method of WLAN 802.11a [2]
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