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1. Introduction 
Licensed-Assisted Access using LTE, also referred to as LAA, is considered a potential alternative solution to use unlicensed spectrum as a complement to licensed deployments in LTE. 
The unlicensed spectrum can be shared by different radio access technologies (RATs) and/or multiple operators. Wi-Fi is a widely deployed incumbent RAT in the unlicensed spectrum. Fair co-existence with Wi-Fi is an important design criterion for LAA. The LAA Study Item [1] specified the following as a fair coexistence objective between LAA and Wi-Fi:  

· LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier. 
The LAA-Wi-Fi coexistence parameters specified in [2] provide a means of evaluating whether LAA is able to meet the above fair coexistence objective. 
The parameters in [2] define the following co-existence scenario:

· Two neighbor Wi-Fi networks, Wi-Fi A and Wi-Fi B.

· An LAA network is then created by replacing the APs in Wi-Fi B with LAA eNodeBs. 

· Wi-Fi A is the “victim” Wi-Fi network. It supports services such as unidirectional and/or bidirectional data, video and voice. 

· Wi-Fi B / LAA is the “aggressor or impeding” network.

In the above setting, the co-existence criterion can be restated as follows: in the presence of LAA, the services supported by Wi-Fi A should not be affected more than how they are affected in the presence of Wi-Fi B.
LAA, at least in its initial deployments, is expected to support only downlink data services. Given this, LAA evaluations would also focus on DL only data traffic. 

In this contribution we point out that a fair evaluation of LAA-Wi-Fi coexistence must ensure that the impeding networks consider identical services. So, if DL-only data traffic is considered for LAA, then such DL-only data traffic should also be considered for Wi-Fi B.
This contribution provides simulation results in support of this statement. These results show that the effect of the impeding network Wi-Fi B on the victim network Wi-Fi A has significant dependence on the traffic mix on Wi-Fi B, specifically on whether Wi-Fi B supports DL-only or both DL and UL traffic.
2. Discussion
2.1. Simulation Configuration
Wi-Fi A , Wi-Fi B  and LAA have 4 AP/eNodeBs each. Each AP/eNB has 15 STA/UEs for a total of 60STA/UEs per network.
The traffic pattern and simulation configuration is as shown in the table below. 
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Configuration 1

1 DL flow per UE and no UL flows

So a total of 60 DL flows

Each flow carries data at 0.4 Mbps

Total offered traffic load of 24 Mbps

Configuration 2

1 flow per UE

50% of flows are DL and 50% UL

So a total of 30 DL and 30 UL flows.

Each flow carries data at 0.4 Mbps

Total offered traffic load of 24 Mbps

Configuration 3

1 bidirectional flow per UE

So a total of 120 unidirectional flows.

Each unidirectional flow carries data at 0.2 Mbps 

Total offered traffic load of 24 Mbps 

1 bidirectional flow per UE

20% of flows are voice at 9.6 Kbps/flow in each direction

80% of flows are data at 0.4 Mbps/flow in each direction

Traffic pattern


· A voice packet is 24 Bytes and a data packet is 1500 Bytes .
· The total offered load is the same for all configurations. 

· Wi-Fi B Configuration 1: 60 DL flows over 4 APs. So Wi-Fi B adds 4 contenders for the shared channel.

· Wi-Fi B Configuration 2: 30 DL and 30 UL flows over 4 APs. So Wi-Fi B adds 34 contenders for the shared channel.

· Wi-Fi B Configuration 3: 60 DL and 60 UL flows or 60 bidirectional flows over 4 APs.  So Wi-Fi B adds 64 contenders for the shared channel.

2.2. Simulation Results and Analysis
The following table shows the aggregate network throughput of Wi-Fi A in presence of Wi-Fi B for the three configurations as specified above and a range of realizable CCA thresholds. The CCA threshold for Energy Detection (ED) is varied from -62 dBm to -82 dBm. The CCA threshold for Carrier Sensing (CS) (also regarded as Preamble Detection (PD)) is held at -92 dBm.
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-62 -92 8.23 6.56 20.34 6.69 18.73

-72 -92 13.12 10.25 21.90 8.60 34.47

-77 -92 13.74 10.99 20.01 10.35 24.67

-82 -92 18.03 10.02 44.44 10.90 39.55

CCA Thresholds (dBm) Configuration 3 Configuration 2


The following can be concluded from the above results:
1. Wi-Fi A achieves significantly higher throughput in presence of Wi-Fi B in configuration 1 than in either of configuration 2 or configuration 3. 

· This happens even though the total offered load in Wi-Fi B is the same for all the three configurations.

· The reason for this is as follows:  In configuration 1 Wi-Fi B adds 4 contenders for the shared channel which is also used by Wi-Fi A. However, in configurations 2 and 3 Wi-Fi B adds many more contenders for the shared channel, 34 and 64 additional contenders respectively. For the same QoS, Wi-Fi networks apportion the channel in a fair manner between flows/contenders of the shared channel. So an increase in the number of contenders in Wi-Fi B reduces the total time allocated to devices in Wi-Fi A and hence the aggregate throughput in Wi-Fi A.

2. The reduction in aggregate throughput depends on the number of contenders added to the shared channel and is not so sensitive to the offered load. 

3. So a key takeaway is that an impeding Wi-Fi network that has both DL and UL flows would have a much larger impact on a victim Wi-Fi network than an impeding Wi-Fi network that has only DL flows.

4. For this reason, if the co-existence scenario considers DL-only traffic in the LAA network, then it should also consider DL-only traffic on the impeding Wi-Fi network.  Further recommendations on the parameters for coexistence evaluation can be found in [3].
Observation 1: An impeding Wi-Fi network that has both DL and UL flows would have a much larger impact on a victim Wi-Fi network than an impeding Wi-Fi network that has only DL flows.
Proposal 1: If the co-existence scenario considers DL-only traffic in the LAA network, then it should also consider DL-only traffic on the impeding Wi-Fi network.  Further recommendations on the parameters for coexistence evaluation can be found in [3].
3. Conclusions

In this contribution we pointed out that a fair evaluation of LAA-Wi-Fi coexistence must ensure that the impeding networks consider identical traffic configuration, specifically with respect to the number of DL and UL flows in the network. So, if DL-only data traffic is considered for LAA, then such DL-only data traffic should also be considered for Wi-Fi B.

The contribution provided simulation results in support of this statement. These results show that the effect of the impeding network Wi-Fi B on the aggregate throughput of the victim network Wi-Fi A has significant dependence on whether Wi-Fi B supports DL-only or both DL and UL traffic.
Observation 1: An impeding Wi-Fi network that has both DL and UL flows would have a much larger impact on a victim Wi-Fi network than an impeding Wi-Fi network that has only DL flows.
Proposal 1: If the co-existence scenario considers DL-only traffic in the LAA network, it should also consider DL-only traffic on the impeding Wi-Fi network. Further recommendations on the parameters for coexistence evaluation can be found in [3].
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5. Appendix: Simulation Parameters
The simulation configuration uses the parameters and broad agreements in [2]. The specific parameter selections are as given below.

	
	Unlicensed cell

	Layout for nodes
	Indoor Alternative 1.
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Two operators deploy 4 small cells each in the single floor building.

Both operators deploy Wi-Fi only APs. The operator networks are denoted by Wi-Fi A and Wi-Fi B respectively.

	System bandwidth per carrier
	20MHz

	Carrier frequency 
	5.27GHz

	Carrier number
	1 carrier in the unlicensed spectrum. The configuration corresponds to Alternative 3 in [2], i.e. X = 4, Y = 1.

	Number of UEs 
	60 UEs per operator network

	UE dropping per network
	Randomly distributed over the floor


	Traffic model
	3 different configurations as specified in Section 2.1 of this document.

	Network synchronization
	Wi-Fi APs and STAs are not synchronized.

	Performance metrics
	Aggregate data rate on Wi-Fi A
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