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1 Introduction

To identify performance impact on Wi-Fi from LAA, the following evaluation methodologies for LAA DL transmission were agreed in the RAN1#79:
Agreements:
· UE Bandwidth assumptions

· UE bandwidth for LAA: 10 MHz licensed + 20 MHz unlicensed, 

· CA scheduling assumptions stated when reporting results

· Served traffic per small cell per carrier can be reported

· UE bandwidth for Wi-Fi: 20 MHz unlicensed
· Cell selection is based on RSRP for both Wi-Fi and LAA
· Network synchronization for LAA evaluations:

· Nodes of same operator are synchronized, nodes of different operators are not synchronized
· Note that LAA design should be applicable both for synchronous and asynchronous intra-/inter-operator case

Agreements:
· Performance metrics in addition to UPT and Latency CDF

· If VoIP users are included, number of VoIP users with 98%ile latency greater than 50 ms should be reported
Agreement:
· File size for FTP models is 0.5 MB

Agreements:
· Cell association assumption for evaluations

· For WiFi STAs,
· Cell association is based on unlicensed band RSS of WiFi APs

· RSS of WiFi: Received signal power strength

· RSS threshold is -82 dBm
· For LAA UEs,
· Cell association is based on unlicensed band RSRP

In this contribution, we provide initial evaluation results based on the agreed evaluation assumptions, which shows performance impact to Wi-Fi network when interfering Wi-Fi is replaced by LAA. 

2 Evaluation assumptions for LAA

On top of the above evaluation assumptions and [2], the followings are further assumed for the evaluation:
· Carrier selection: Energy-based channel selection

· LBT requirements: LBE and FBE
Further details are described below.

Carrier selection:

In the evaluation, carrier selection in semi-static manner is considered. In other words, when the number of available channels is given, each AP/eNB selects its operating channel at the beginning of the simulation, and then the selected channel is not changed during the entire evaluation. In case of Wi-Fi APs, the channel that has the smallest number of operating APs is selected. Among multiple channels with the same number of operating APs, the channel with the lowest received energy is prioritized to be selected. On the other hand, a LAA eNB selects its channel only based on the received energy level.  Channel selection of LAA eNB is performed after channel selection for Wi-Fi AP is finished.

Listen-before-talk (LBT) requirement:

To meet regulatory requirements and provide a coexistence behavior with other technologies, LBT operations based on both load-based equipment (LBE) and frame-based equipment (FBE) are considered for LAA evaluation. The details on LBT requirements for both LBE and FBE can be found in [3]. For LBE-based LAA operation, it is assumed that a reservation signal is transmitted to keep subframe boundary of normal LTE transmission. Note that the subframe where the reservation signal is transmitted is included in the maximum channel occupancy time.
3 Initial evaluation results

Based on the agreed evaluation assumptions in [2], the following scenarios are evaluated for indoor and outdoor deployment.
· Wi-Fi – Wi-Fi coexistence (baseline)
· LAA (Operator 1) and Wi-Fi (Operator 2) with different LBT operation  and maximum channel occupancy time (e.g. 4ms, 10ms), where 20us CCA slot duration is assumed
· LBE: 4ms (q=10) and 10ms (q=25) channel occupancy time including period for reservation signal
· FBE: 4ms and 9ms channel occupancy time with 1ms idle time (i.e. 5ms and 10ms fixed frame period)
· LAA – LAA coexistence 
It is assumed that 4 carriers in unlicensed band with 20MHz bandwidth for both Wi-Fi and LAA. Two operators deploy 4 Wi-Fi APs/ LAA eNBs for each operator in the single-floor building. 10UEs per carrier in unlicensed band per operator is assumed. For LAA, licensed band is considered for UPT calculation. LAA UE can be scheduled on licensed and unlicensed band independently. Packet arrival rate is set to 0.8. For LAA – LAA coexistence, LBE with 10ms channel occupancy time is considered for LBT between LAA. Remaining detailed evaluation assumptions can be found in [2].

To evaluate performance impact on Wi-Fi, 5%, 50%, and 95% UPT and latency performance are evaluated and summarized in Table 1~4.

Table 1 UPT performance for Wi-Fi and LAA coexistence (indoor)
	Loading
	Scheme
	UPT of Operator 1 (Mbps)
	UPT of Operator 2 (Mbps)

	
	
	5%
	50%
	95%
	5%
	50%
	95%

	72%
	Baseline
	4.8
	18.3
	46.0
	4.9
	18.6
	46.0

	
	LBE (4ms)
	14.5
	69.9
	94.9
	7.2
	37.6
	60.4

	
	LBE (10ms)
	15.9
	77.6
	105.0
	7.8
	39.7
	61.9

	
	FBE (4ms)
	8.9
	56.7
	86.7
	10.3
	46.7
	68.2

	
	FBE (9ms)
	9.3
	58.7
	88.8
	10.5
	47.4
	69.0

	
	LAA-LAA
	16.6
	76.7
	96.9
	16.5
	76.9
	96.7


Table 2 Latency performance for Wi-Fi and LAA coexistence (indoor)
	Loading
	Scheme
	Latency of Operator 1 (ms)
	Latency of Operator 2 (ms)

	
	
	5%
	50%
	95%
	5%
	50%
	95%

	72%
	Baseline
	941.5
	217
	85.8
	941.5
	217
	85.1

	
	LBE (4ms)
	295.2
	57.7
	41.7
	485.8
	105.7
	65.7

	
	LBE (10ms)
	259.6
	52.1
	38.4
	450.4
	101
	63.4

	
	FBE (4ms)
	432
	70.5
	46.1
	370.6
	86.5
	58.7

	
	FBE (9ms)
	415.6
	67.8
	45.7
	362.1
	87.1
	57.8

	
	LAA-LAA
	233.1
	52
	41
	235.9
	52.8
	41.1


Table 3 UPT performance for Wi-Fi and LAA coexistence (outdoor)
	Loading
	Scheme
	UPT of Operator 1 (Mbps)
	UPT of Operator 2 (Mbps)

	
	
	5%
	50%
	95%
	5%
	50%
	95%

	78%
	Baseline
	1.2
	11.2
	32.5
	1.3
	11.6
	33.4

	
	LBE (4ms)
	7.9
	40.8
	68.6
	1.8
	25
	48.4

	
	LBE (10ms)
	9.1
	45.6
	76.2
	1.9
	26.3
	49.3

	
	FBE (4ms)
	5.4
	37.5
	67.9
	2.2
	31.1
	53.1

	
	FBE (9ms)
	6.0
	39.3
	69.4
	2.3
	32.5
	53.6

	
	LAA-LAA
	7.3
	43.2
	67.8
	7.71
	43.2
	68.4


Table 4 Latency performance for Wi-Fi and LAA coexistence (outdoor)
	Loading
	Scheme
	Latency of Operator 1 (ms)
	Latency of Operator 2 (ms)

	
	
	5%
	50%
	95%
	5%
	50%
	95%

	78%
	Baseline
	3012.5
	366.9
	122.1
	2985.2
	355.1
	117.9

	
	LBE (4ms)
	515.2
	99.5
	58.9
	2013
	160.8
	82.8

	
	LBE (9ms)
	412.6
	86.3
	52.6
	1995.2
	151.2
	81.5

	
	FBE (4ms)
	678.4
	104.5
	59.2
	1901.3
	129.9
	73.1

	
	FBE (9ms)
	620.6
	101.1
	57.8
	1801
	123.5
	72.2

	
	LAA-LAA
	559.1
	91.6
	58.5
	557.5
	91.3
	58.1


From the results, it can be observed that LAA with LBT operation does not provide any negative impact to Wi-Fi in terms of UPT and latency for both indoor and outdoor deployment compared to the case where the Wi-Fi coexists with another Wi-Fi network. Even, it is observed that LAA can provide performance gain to the victim Wi-Fi network. Such performance benefits would be resulted by high spectral efficiency of LTE operation such as link adaptation, HARQ, and so on. In other words, LAA could deal with overall packet transmission more efficiently than Wi-Fi network for the given traffic load, which may provide more opportunity to other network to access the channel without contention.
Observation 1: Based on the evaluation results, it is observed that LAA does not provide negative impact to Wi-Fi if LBT operation is considered in LAA.

It is also observed that the victim Wi-Fi network can perform better when coexisting with FBE-based LAA rather than LBE-based LAA. Since CCA is limited for FBE-based LAA, the Wi-Fi could have more opportunity to access the channel than LBE-based LAA. However, it is worth noting that depending on the different traffic loading, nodes density, and implementation aspects of FBE and LBE, overall coexistence performance could be different in different scenarios. Therefore, both FBE and LBE based LAA operation would need to be further studied by taking practical and various evaluation scenarios into account.

Observation 2: Further study on LBT operation in LAA would be needed by taking practical aspect of FBE and LBE-based LBT operation and various evaluation environments into account

4 Conclusions

In this contribution, we provided a preliminary evaluation results for LAA DL. The following observations were made:
Observation 1: Based on the evaluation results, it could be observed that LAA might not provide negative impact to Wi-Fi if LBT operation is considered in LAA.
Observation 2: Further study on LBT operation in LAA would be needed by taking practical aspect of FBE and LBE and various evaluation environments into account
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