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1. Introduction

In RAN1#79 [1], the following was agreed related to evaluation assumption for the mixed traffic model with VoIP and FTP traffic.

	 Agreements:
· The mixed traffic model with real time traffic like VoIP and best effort traffic like FTP should be added as an optional model (in addition to existing FTP traffic models) used in the Wi-Fi network that is not replaced by LAA for the coexistence evaluation in order to investigate the LAA impact on real time services.

· Two additional stations added with above have VoIP

· The VoIP traffic model is based on G.729A

· Traffic model definition is written in R1-145315 appendix
· Voice activity is assumed to be 100% statistics are independently reported in each direction
· No associated control plane traffic is modelled
· The EDCA QOS could be used in Wi-Fi network together with a mixed traffic model in the coexistence evaluation in order to investigate the LAA impact on real time services


Based on the above agreement and [2], this contribution provides simulation results on coexistence performance of DL LAA with mixed traffic.
2. Simulation assumptions
For LAA, we use two LBT schemes in evaluation results which are “FBE” and “LBE”, and they are compliant with EU regulation [3]. The details on LBT operation are described in our companion contribution [4]. For WiFi VoIP users, EDCA is applied, which means AIFS = 34 us, CWmin = 3, and CWmax = 7. In addition, we assume that WiFi AP always schedules VoIP users prior to FTP users. Considering the LDPC encoding process of WiFi, we assume that the effective SINR of a WiFi MPDU is derived from the worst SINR among SINR values which are measured every SINR slot duration (e.g., 72 us as described in [5]). In the same way, we consider that for LAA, effective SINR of a TTI is derived from the worst SINR among SINR values of code blocks, if multiple code blocks are received in the TTI. Detailed simulation assumptions are shown in Appendix.
3. Evaluation results
In this section, we provide initial results evaluating the coexistence performance of VoIP users. We only consider the indoor single carrier (Y=1) scenario that operator #1 deploys LAA and operator #2 deploys WiFi. Then, we compare the performance of the FTP and VoIP users with that of the FTP and VoIP users under WiFi only scenario. The packet drops of each LAA UE (or WiFi STA) follow Poisson distribution with packet arrival rate (). The range of packet arrival rate is adjusted to cover buffer occupancy (BO) from 20% to 60% in the case of the baseline which is WiFi only scenario.

Figures 1-5 show the BO, the average UPT for FTP users, the average delay for VoIP users and 98%ile delay for VoIP users, respectively. Figure 4 shows the delay CDF for =0.4, =0.5, and =0.6. Table 1 shows the percentage of VoIP outage users. Detailed simulation results are shown in Apendix B.
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Figure 1. BO w.r.t. 
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Figure 2. Average UPT for FTP users w.r.t. 
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Figure 3. Average delay for VoIP users w.r.t. 
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Figure 4. Average 98%ile delay for VoIP users w.r.t. 
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Figure 5. Delay CDF for VoIP users, (a) =0.4, (b) =0.5, and (c) =0.6
Table 1. Percentage of VoIP outage users
	Packet arrival rate ()
	WiFi baseline
	FBE (WiFi)
	LBE (WiFi)

	0.4
	0 %
	0 %
	0 %

	0.5
	9 %
	0 %
	0 %

	0.6
	31 %
	1 %
	6 %


As shown in above figures and table, we can observe that all the evaluated LBT schemes significantly improve not only the WiFi UPT performance but also the WiFi VoIP performance when compared with the WiFi only scenario. We can also observe that in the WiFi performance aspect, FBE is better than LBE, on the other hand, in the LAA performance aspect, LBE is more beneficial than FBE. This is because periodic VoIP traffic can make FBE-based LAA eNBs difficult to grab the channel.
4. Summary and conclusion
In this contribution, we have presented the system level evaluation results on coexistence performance for mixed traffic with FTP and VoIP. Our observations are summarized as follows:

Observation 1: For all evaluated LBT schemes, LAA guarantees better WiFi VoIP performance as well as WiFi FTP performance than the baseline WiFi performance.
Observation 2: In the WiFi performance aspect, FBE is better than LBE, on the other hand, LBE is better than FBE in the LAA performance aspect.
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6. Appendix A
	
	LAA
	WiFi

	Macro cell layout
	19 sites

	Number of carriers
	1

	Antenna configuration
	1Tx2Rx

	CCA threshold
	-62 dBm
	-62 dBm for CCA-ED
-82 dBm for CCA-CS

	CCA slot length
	Initial CCA: 43 us

Extended CCA: 24 us
	8 us

	TX burst length
	< 4 ms

	MCS
	Exclude 256 QAM

	RTS/CTS
	Not modelled

	Rate control
	Closed loop
	Open loop
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