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1
Introduction

The Study Item of Study on Licensed-Assisted Access (LAA) using LTE (RP-141664) was approved at RAN plenary meeting #65 [1]. In RAN1#78bis meeting, the discussion of detailed LAA coexistence evaluation methodologies was started. Within the methodologies, there is one item related to the traffic model and particularly there is one related to whether a mixed traffic model (VoIP + data) should be used in the coexistence evaluation. As of the email discussion on the evaluation methodologies ended on October 23, 2014, there is no consensus on the subject of whether a mixed traffic model should be used in the evaluation. One proposal is to use the data only traffic in the victim Wi-Fi network in the study and evaluate the aggressor Wi-Fi or LAA network impact on the data service for throughput, latency etc. An alternative proposal is to use a VoIP + data mixed traffic model in the victim Wi-Fi network for the coexistence evaluation.

First, the SID in [1] includes the following objective:

“Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services. This should be captured in terms of relevant fair sharing metrics, e.g., that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc.”
Based on the objective, the LAA coexistence evaluation methodologies should use aVoIP + data mixed traffic model in the Wi-Fi network in the study in order to evaluate the LAA coexistence impact on VoIP services such as latency. In this contribution, we conducted system level simulations to show that the data only traffic model is not sufficient to evaluate the LAA coexistence impact on VoIP service latency performance. We also show that it is important to include the EDCA QOS modelling in the Wi-Fi network in order to evaluate the VoIP latency performance.
2
Simulation configuration
We conducted system level simulations based on the indoor scenario [2] to evaluate the different traffic modelling options. The detailed simulation parameters are listed in the Appendix. Please note that since there is no consensus for many parameters for the study, we choose appropriate parameters in order to generate the initial evaluation results. We used the same approach as in [2] to evaluate the coexistence impacts. First, we generated the baseline performance based on two Wi-Fi networks (Wi-Fi A and Wi-Fi B) coexisting in the indoor scenario. We used Wi-Fi network A and B to represent the victim and the aggressor Wi-Fi networks in the document, respectively. Then, we replaced the Wi-Fi network B with LAA network B in the same scenario and repeated the test. The victim Wi-Fi network performance is recorded in both tests. Then we can compare the performance metrics on Wi-Fi A, especially for the latency metric to evaluate the LAA coexistence impact.
For each Wi-Fi/LAA network, there are 4 APs/eNBs and 60 STAs/UEs per network. For Wi-Fi network A we tested two traffic model options. The first option is a VoIP + data mixed traffic model. There are about 20% STAs that have bidirectional VoIP traffic and the other 80% STAs have bidirectional UDP data traffic in Wi-Fi network A. There are a total of 120 traffic flows in Wi-Fi network A. The VoIP data rate is 9.6kbps per flow and its packet size is 24Bytes. The UDP traffic data rate is 0.4Mbps per flow and its packet size is 1500Bytes. The second option is the data only traffic model. All 60 STAs in Wi-Fi network A have bidirectional UDP traffic. The UDP traffic data rate and packet size are the same as for the first option. For Wi-Fi network B or LAA network B, we used the downlink only UDP data traffic as proposed in [3]. There are a total of 60 flows in both aggressor networks. The UDP traffic data rate is still set as 0.4Mbps per flow and the packet size is 1500Bytes. Note that we used a fixed interval between packets for both VoIP & UDP traffics in the initial evaluation but the starting time of the each traffic is randomized at the beginning of the simulation.
3
Simulation results
3.1 VoIP + data mixed traffic model

For the VoIP + data mixed traffic model, the latency CDF curves of each VoIP traffic flow of Wi-Fi A are plotted in Figures 1 & 2 for the Wi-Fi A + Wi-Fi B case and the Wi-Fi A + LAA B case, respectively.
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Figure 1 Wi-Fi A VoIP per flow latency CDF with a VoIP + data mixed traffic model in the Wi-Fi A + Wi-Fi B case
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Figure 2 Wi-Fi A VoIP per flow latency CDF with a VoIP + data mixed traffic model in the Wi-Fi A + LAA B case
Please note that in the Wi-Fi A + Wi-Fi B case, both preamble detection (PD) and energy detection (ED) are used for the clear channel assessment (CCA). The PD and ED thresholds are set as -92dBm and -82dBm, respectively. For the Wi-Fi A + LAA B case, only ED is used for the CCA between Wi-Fi and LAA networks. The Wi-Fi & LAA CCA-ED threshold is set as -82dBm. As shown in our separate contribution [4], Wi-Fi A + LAA B with ED only as the CCA method is not sufficient for coexistence. Hence, we can clearly see that the VoIP latency in the Wi-Fi + LAA case is much worse than the Wi-Fi + Wi-Fi case. In [5], we propose a robust coexistence mechanism for LAA. If we use the criterion that the 98th percentile latency should be less than 50ms, the number of failed VoIP flows in Wi-Fi A for both cases are summarized in the table 1. The average 98th percentile latency of all VoIP flows in Wi-Fi A network is shown in table 2.
Table 1 Number of VoIP flows in Wi-Fi A that exceed the 98th percentile latency requirement of 50ms
	
	Wi-Fi A + Wi-Fi B
	Wi-Fi A + LAA B

	Number of VoIP flows in Wi-Fi A that exceed the 98th percentile latency requirement of 50ms
	5
	23


Table 2 Average 98th percentile latency of all VoIP flows in Wi-Fi A

	
	Wi-Fi A + Wi-Fi B
	Wi-Fi A + LAA B

	Average 98th percentile latency of all VoIP flows in Wi-Fi A (second)
	0.072
	0.412


The above data show that using a VoIP + data mixed traffic model can facilitate the LAA coexistence study to easily & obviously detect the impact on the VoIP latency.
Observation 1: Using a VoIP + data mixed traffic model can facilitate the LAA coexistence study to easily & obviously detect the impact on VoIP latency.
3.2 Data only traffic model

Next we conducted similar tests with the same configurations but just changed to use a data only traffic model. With this traffic model, we can only show the latency CDF curves for the data traffic flows. The corresponding latency CDF curves are shown in Figures 3 & 4 for the Wi-Fi A + Wi-Fi B and Wi-Fi A + LAA B cases, respectively.
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Figure 3 Wi-Fi A data traffic per flow latency CDF with a data only traffic model in the Wi-Fi A + Wi-Fi B case
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Figure 4 Wi-Fi A data traffic per flow latency CDF with a data only traffic model in the Wi-Fi A + LAA B case

From the data latency CDF curves, it’s less obvious and more difficult to compare the Wi-Fi A latency impact from the LAA coexistence even though we know that Wi-Fi + LAA with CCA-ED only has worse latency coexistence performance than the Wi-Fi + Wi-Fi case based on the test with a VoIP + data mixed traffic model. In addition, it is not appropriate to use the VoIP 98th percentile latency requirement with 50ms to judge the latency performance here.

Observation 2: With a data only traffic model, it’s less obvious and more difficult to compare the latency impact from the LAA coexistence evaluations. In addition, it is not appropriate to use the VoIP 98th percentile latency requirement with 50ms to judge the latency performance here.

3.3 VoIP + data mixed traffic model without QOS
In the above tests with a VoIP + data traffic model, we also enabled the EDCA QOS in the Wi-Fi network. We assigned the VoIP to the Voice Access Category (AC_VO) and assigned the UDP data to the Best Effort Access Category (AC_BE). The default EDCA parameters for each AC are shown in Appendix. In the following test, we will show that it is critical to enable EDCA QOS in order to evaluate the VoIP latency impact. We still used a mixed traffic model but we assigned the VoIP service with AC_BE instead of AC_VO in the following test. That is we basically disabled the QOS mechanism for VoIP. The generated latency CDF curves of each VoIP traffic flow of Wi-Fi A are shown inFigures 5 & 6 for the Wi-Fi A + Wi-Fi B and Wi-Fi A + LAA B cases, respectively.
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Figure 5 Wi-Fi A VoIP per flow latency CDF with a VoIP + data mixed traffic model but without QOS in the Wi-Fi A + Wi-Fi B case
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Figure 6 Wi-Fi A VoIP per flow latency CDF with a data only traffic model but without QOS in the Wi-Fi A + LAA B case

From the simulation results, we can see that the Wi-Fi A VoIP latency will get much worse without the QOS protocol for both the Wi-Fi + Wi-Fi and Wi-Fi + LAA cases, which will make the comparison for the VoIP latency impact from the coexistence evaluation more difficult and less obvious. We could not apply the VoIP 98th percentile latency requirement with 50ms to measure the latency performance.
Observation 3: Not using EDCA QOS will make the comparison for the VoIP latency impact from the LAA coexistence evaluation more difficult and less obvious even though we still use a VoIP + data mixed traffic model. We could not apply the VoIP 98th percentile latency requirement with 50ms to measure the latency performance.
Based on the simulation study results and observations, we can see that a data only traffic model for Wi-Fi A is not as good as a VoIP + data traffic model for the evaluation of the VoIP latency impact in the coexistence test. Hence, we make the following proposals for the traffic model and Wi-Fi MAC parameter for the coexistence evaluation.

Proposal 1: We should use a VoIP + data mixed traffic model in the Wi-Fi network A (victim) in the LAA coexistence evaluation in order to evaluate the impact on the VoIP latency performance.
Proposal 2: We should model the EDCA QOS in the Wi-Fi network together with a mixed traffic model in the LAA coexistence evaluation in order to evaluate the impact on the VoIP latency performance.
4
Conclusions

In this contribution, we have conducted system level simulations to evaluate different traffic model options and Wi-Fi MAC parameters for the LAA coexistence evaluation for the impact on the VoIP latency. Based on the simulation results, we have the following observations and proposals.
Observation 1: Using a VoIP + data mixed traffic can facilitate the LAA coexistence study to easily & obviously detect the impact on the VoIP latency.
Observation 2: With a data only traffic model, it’s less obvious and more difficult to compare the latency impact from the LAA coexistence evaluations. In addition, it is not appropriate to use the VoIP 98th percentile latency requirement with 50ms to judge the latency performance.

Observation 3: Not using EDCA QOS will make the comparison for the VoIP latency impact from the LAA coexistence evaluation more difficult and less obvious even though we still use a VoIP + data mixed traffic model. We could not apply the VoIP 98th percentile latency requirement with 50ms to measure the latency performance.

Proposal 1: We should use a VoIP + data mixed traffic model in the Wi-Fi network A (victim) in the LAA coexistence evaluation in order to evaluate the impact on the VoIP latency performance.
Proposal 2: We should model the EDCA QOS in the Wi-Fi network together with a mixed traffic model in the LAA coexistence evaluation in order to evaluate the impact on the VoIP latency performance.
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6
Appendix: Simulation parameters
The simulation configuration follows the configuration and broad agreements in [2]. The specific parameter selections are as given below.
Table 3 Indoor scenario parameters
	
	Unlicensed cell

	Layout for nodes
	Indoor Alternative 1


[image: image7]
Two operators deploy 4 small cells each in the single floor building.

Two simulation configurations:

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

2. The APs of Wi-Fi B are replaced by LAA eNodeBs. 



	System bandwidth per carrier
	20MHz

	Total BS TX power
	20dBm

	Total UE TX power
	15dBm

	Unlicensed 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
	· Configuration 1:

· Wi-Fi A: 20% of the STAs have bidirectional voice and 80% of the STA s have bidirectional data traffic

· Wi-Fi B / LAA B: 100% of the STAs/UEs have downlink-only data traffic

· Voice model: UDP at 9.6Kbps/flow. Packet size = 24 Bytes, Uniform packet arrival rate of 20ms.

· Data model: UDP at 0.4Mbps/flow. Packet size = 1500 Bytes.

	Network synchronization
	Wi-Fi APs and LAA eNodeBs are not synchronized.

	Performance metrics
	· Performance metric for Wi-Fi A only
· Latency (From packet arrival in devices (eNB, AP, UE, STA) MAC buffer to successful transmission (including retransmission) of packet)

· 98 percentile latency when Wi-Fi B is replaced by LAA B
· Number of voice flows with 98 percentile latency > 50ms when Wi-Fi B is replaced by LAA B


Table 4 Wi-Fi system evaluation assumptions
	Parameter
	value

	MCS
	802.11ac MCS table

	Frame aggregation
	A-MPDU

	MAC
	EDCA

	CCA-CS
	-92dBm and preamble decoding

	CCA-ED
	-82dBm

	ACK Modeled
	Yes


Table 5 Default EDCA parameters for each AC
	AC
	CWmin
	CWmax
	AIFSN
	Max TXOP

	Background (AC_BK)
	15
	1023
	7
	0

	Best Effort (AC_BE)
	15
	1023
	3
	0

	Video (AC_VI)
	7
	15
	2
	3.008ms

	Voice (AC_VO)
	3
	7
	2
	1.504ms

	Legacy DCF
	15
	1023
	2
	0
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