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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 detailed coexistence evaluation assumptions [2], the Wi-Fi Clear Channel Assessment (CCA) preamble detection (PD) and energy detection (ED) thresholds have been chosen for -82dBm & -62dBm, respectively. The PD & ED threshold values represent the minimum requirement of the Wi-Fi specification. Existing Wi-Fi products usually have much better performance with low RF noise figures so they can utilize lower PD & ED thresholds. Another example is that the 802.11AC standard specifies a lower CCA threshold of -72dBm for the secondary channel 20MHz signal BW that may be met with the ED. In contribution [3], we show that the CCA PD & ED thresholds can impact the Wi-Fi data throughput and VoIP latency performance significantly in the coexistence study. In [4], we also propose a robust coexistence mechanism for LAA. In this contribution, we conduct the system level simulations to show that the recommended PD & ED thresholds in [2] can have much worse performance than lower thresholds. Hence we propose to allow the Wi-Fi PD & ED thresholds to be selected by each company.
2
Simulation configuration
We conducted the system level simulations based on the indoor scenario [2] to evaluate the different Wi-Fi CCA PD & ED thresholds. The detailed simulation parameters are listed in the Appendix. Please note that since there is not a consensus for many parameters for the study, we choose appropriate parameters in order to generate the initial evaluation results. We simulated the two Wi-Fi networks (Wi-Fi A and Wi-Fi B) coexisting in the indoor scenario. We used the Wi-Fi network A and B to represent the victim and the aggressor Wi-Fi network in the document, respectively. We tested two sets of CCA thresholds for Wi-Fi. The first set is (PD = -82dBm, ED = -62dBm) and the second set is (PD = -92dBm, ED = -72dBm).
For each Wi-Fi network, there are 4 APs and 60 STAs per network. As proposed in [5], we used the VoIP + data mixed traffic model in the Wi-Fi network A. That is there are about 20% STAs that have bidirectional VoIP traffic and the other 80% STAs that have bidirectional UDP data traffic in Wi-Fi network A. There are a total of 120 traffic flows in Wi-Fi 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. For Wi-Fi network B, we used the downlink only UDP data traffic as proposed in [6]. That is there are a total of 60 flows in the aggressor network. The UDP traffic data rate is still set as 0.4Mbps per flow and the packet size is 1500Bytes. We will compare the data throughput and VoIP latency performance of Wi-Fi network A for the two sets of the CCA thresholds.
3
Simulation results
The data throughput performance of Wi-Fi network A for different CCA thresholds is listed in the table 1.
Table 1 Aggregate Wi-Fi A data throughput with different CCA thresholds

	
	PD = -82dBm, ED = -62dBm
	PD = -92dBm, ED = -72dBm

	Wi-Fi A aggregate data throughput (Mbps)
	7.93
	13.74


We used the criterion that the 90th percentile of packet latency should be within 100ms to evaluate the VoIP latency performance in Wi-Fi network A. The number of flows whose 90th percentile of packet latencies exceed the requirement are listed in the table 2.

Table 2 Number of VoIP flows in Wi-Fi A that exceed the 90th percentile latency requirement of 100ms

	
	PD = -82dBm, ED = -62dBm
	PD = -92dBm, ED = -72dBm

	Number of VoIP flows in Wi-Fi A that exceed the 90th percentile of packet latency requirement of 100ms
	16
	8


From the above simulation results, we can clearly see the recommended CCA thresholds PD = -82dBm & ED = -62dBm, corresponding to minimum requirements, in [2] have much worse performance than the lower thresholds PD = -92dBm & ED = -72dBm for both data throughput and VoIP latency. Since the Wi-Fi A + Wi-Fi B case will be used as the baseline for the coexistence evaluation and its performance will be compared with the Wi-Fi A + LAA B case, suitable Wi-Fi CCA thresholds should be chosen for the study. The LAA & Wi-Fi coexistence work should parameterize the threshold levels (range of threshold levels) and analyse performance. Suitable threshold levels should be chosen that more accurately represent the performance of existing WLAN equipment and not the minimum requirement, especially given the higher performance achieved with more accurate thresholds. For the same reason, the 3GPP participant companies have a consensus to leave the LAA CCA-ED threshold up to each company. Hence, we make the following proposal for the Wi-Fi CCA thresholds:
Proposal 1: The Wi-Fi CCA ED & PD thresholds in the evaluation assumptions should be up to each company and the companies should state the assumptions when report the results.

.
4
Conclusions

In this contribution we have conducted the system level simulations to show that the recommended CCA thresholds PD = -82dBm & ED = -62dBm, corresponding to minimum requirements, in [2] have much worse performance than the lower thresholds PD = -92dBm & ED = -72dBm for both data throughput and VoIP latency. For the proper LAA & Wi-Fi coexistence study, we make the following proposal:
Proposal 1: The Wi-Fi CCA ED & PD thresholds in the evaluation assumptions should be up to each company and the companies should state the assumptions when report the results.
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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: image1]
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: 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.


Table 4 Wi-Fi system evaluation assumptions

	Parameter
	value

	MCS
	802.11ac MCS table

	Frame aggregation
	A-MPDU

	MAC
	EDCA

	CCA-CS
	-82 or -92dBm and preamble decoding

	CCA-ED
	-62 or -72dBm

	ACK Modeled
	Yes
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