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1 Introduction
According to the RAN1 79bis meeting [1], evaluation methodologies for LAA coexistence scenarios were discussed and agreed upon. In this contribution, simulation results for the agreed upon performance metrics in an indoor scenario are presented and discussed.
2 Simulation scenarios and assumptions
The indoor coexistence evaluations have been performed for two scenarios described in [1]. The scenarios are as follows 

· Coexistence scenario a:  Operator #1 deploys Wi-Fi and operator #2 deploys Wi-Fi

· Coexistence scenario b:  Operator #1 deploys Wi-Fi and operator #2 deploys LAA

The distributed coordination function (DCF) is implemented for Wi-Fi MAC and IEEE 802.11n PHY layer rates are considered. For LAA, LBE LBT based ETSI 301 893 v1.7.1 is implemented [2]. Maximum PPDU length of 4 ms is considered for Wi-Fi. To achieve the same maximum frame length for LAA, q is considered to be 10 (See [2] for a description of q). Traffic is generated according to FTP Model 3. The FTP file arrival rate is 1 file/sec. The number of STAs/UEs is assumed to be 10 or 15. We consider a single-carrier scenario where the two operators share a single channel. The detailed simulation parameters are listed in the appendix of this contribution.  
3 Simulation results

The simulation results for 10 and 15 UEs are shown in Table 1 and 2 below. 
Table 1 UPT performance for 10 UEs
	UPT (Mbps)

	 
	Wi-Fi + Wi-Fi
	Wi-Fi + LAA

	Average
	8.04
	8.78

	50%ile (median)
	1
	2.5

	95%ile
	28.5
	32


Table 2 UPT performance for 15 UEs
	UPT (Mbps)

	 
	Wi-Fi + Wi-Fi
	Wi-Fi + LAA

	Average
	5.97
	2.61

	50%ile (median)
	0.085
	-

	95%ile
	36
	17.5


Based on these simulation results, it can be seen that increased density affects the coexistence behavior of a given LBT scheme.
In the case of 10 UEs, the simulation shows a 9% increase in UPT when Wi-Fi coexistence with LAA compared to Wi-Fi coexisting with another Wi-Fi network. Comparatively, with 15 UEs the same scenario shows a decrease in UPT of approximately 56%. 

Observation 1: Simulation density directly affects the coexistence behavior of a coexistence scheme. 
Observation 2: LAA using LBT does not necessarily ensure fair coexistence for all simulation densities. 
Proposal 1: Multiple density configurations should be simulated to fully understand the behavior of a coexistence solution.

4 Conclusion

In this contribution, we evaluated the indoor coexistence scenarios of LAA and Wi-Fi system. Based on the simulation results, we made the following conclusion:

Observation 1: Simulation density directly affects the coexistence behavior of a coexistence scheme. 

Observation 2: LAA using LBT does not necessarily ensure fair coexistence for all simulation densities. 
Proposal 1: Multiple density configurations should be simulated to fully understand the behavior of a coexistence solution.
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Appendix:
	Simulation steps
	Comments

	Network topology
	· Both LTE and Wi-Fi operators deploy four equally spaced small cells in an area of 50x120 m2.  

· The distance between two small cells from different operators is randomly generated. 

· Single channel of size 20 MHz is shared between the two operators.

· The carrier frequency is 5.8GHz.

	Channel modeling


	· Indoor channel modeling is applied, which takes into account the effect of fast fading, path loss and shadowing [3].  
· The distance between different nodes is estimated using the 3D distance model. 

	Nodes association 

	· 10 or 15 nodes are randomly selected from the within coverage list of each operator

	Traffic modeling
	· FTP model 3 is used to generate traffic for Wi-Fi and LAA systems.

· The FTP file size is 0.5 Mbytes.

· The inter-arrival time of each packet has an exponential distribution with a mean of 1 sec.  

· In Wi-Fi systems, the FTP file is transmitted using 915 A-MPDUs. The aggregation level is 5 MPDUs. The size of each A-MPDU is 3285 bytes. 

· In LAA systems, the FTP file is transmitted using 915 MPDUs. 5 PDCP SDUs are aggregated in a single RLC PDU.  The size of each MPDU is 2866 bytes.  The CRC size is 3 bytes. 

	Wi-Fi system assumptions
	· The DCF MAC protocol is implemented and 802.11n PHY data rates are considered. 
· An A-MPDU Frame aggregation is applied. Aggregation level is 5. 
· The maximum PPDU duration is 4 ms. 
· The mechanisms for CCA/ED and CCA/CS are activated for medium sensing. 
· The MCS for each transmitting node is decided based on the SINR at the destination node.

	LAA system assumptions
	· The LBE LBT mechanism is integrated to LTE MAC layer. 
· Maximum transmission period of 4 ms (q =10) is considered. 
· The frequency allocation for each UE is implemented using the weighted fair queuing (WFQ) technique. 
· The CQI is determined based on the SINR level at each UE. 


