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1. Introduction

In RAN #67 meeting, LTE/WLAN aggregation (LWA) has been agreed to be a WI in Release-13. In this document, we will show overall UE throughput improvement while UE uses both LTE and WLAN link. The solutions for aggregation are based on Release-12 Dual Connectivity (DC) architecture. The user plane can be reused with minimal changes where a PDCP PDU can be delivered by either LTE or WLAN links. As shown in Fig. 1, the function of dispatcher is to deliver PDUs to LTE buffer and WLAN buffer. MAC layer then will start scheduling buffered PDUs to corresponding air-interface. We provide our simulation results about UE Perceived Throughput (UPT) improvement between R-12 IWK and LWA in section 2 and conclusions in section 3.
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Fig.1 LWA dispatching and scheduling
2. Comparison between R-12 IWK and LWA
In R-12 IWK, once the configuration is set, UE can only use either LTE link or WLAN link. However, in LWA, UE can use both LTE link and WLAN link at the same time. Fig. 2 shows the difference between R-12 IWK and LWA.
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Fig.2 Data flow of (a) R-12 IWK and (b) LWA
(a) R-12 IWK
In R-12 IWK, UE will choose a better link between LTE and WLAN and has static network selection, i.e., when UE has decided to use which link, then UE will not change link during whole simulation, no dynamic link change between LTE and WLAN.
(b) LWA
In LWA, UE has two connections to LTE and WLAN link, eNB can decide the split, i.e. X value in Fig. 2, dynamically to dispatch different ratio of PDUs to LTE link and WLAN link. The split value decision is out of scope of this document. In [5], we further discuss alternatives for rate adaption.
Based on above setup, we show potential gain of LWA over R-12 IWK. Detailed simulation parameters are listed in Table 1 in appendix.
From Fig. 3, we observe that UPT in LWA could be improved by using LTE and WLAN links at the same time. However, the improvement varies with system load. In the light loaded case, UE can use both LTE and WLAN link most of time, therefore, UPT in LWA could be improved dramatically compared to R-12 IWK. As system load increases, the chance for UE to use both LTE and WLAN link diminishes. The gain of UPT decreases when system load increases due to congestion in the access networks. Meanwhile, we can observe that delay also increases with system load as shown in Fig. 4.
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Fig. 3 UPT performance of (a) R-12 IWK and (b) LWA
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Fig. 4 Delay CDF of (a) R-12 IWK and (b) LWA
3. Conclusion

Based on the simulation results, we conclude that
Observation 1:
When the system is lightly loaded, LWA throughput is significantly superior to Rel-12 IWK.
Observation 2:
As system load increases, throughput gain of LWA over Rel-12 IWK diminishes due to congestion in both WLAN and LTE access networks.
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5. Appendix
Table.1 Simulation parameters
	Simulation parameters
	LTE settings
	WLAN settings

	Topology
(based on SCE 3)
	4 small cells
	4 WLAN APs with LWA capability

	Number of UE
	20 UEs

	Simulation time
	10 seconds

	Channel model
	InH

	Carrier frequency
	3.5 GHz
	5 GHz

	Tx power
	24 dBm
	18 dBm

	Operating bandwidth
	20 MHz
	20 MHz

	Small cell (AP) Antenna Configuration
	X-Pol

	Small cell (AP) nTxAntenna
	2
	2

	UE Antenna Configuration
	X-Pol

	UE nRxAntenna
	2

	Scheduling
	Proportional Fair
	CSMA/CA (WLAN AP) &
(round-robin between users in each AP) 

	Traffic model
	FTP model 3

	FTP file size
	0.5 Mbytes

	Arrival rate (λ)
	λ = 0.75, 1.5, 2.25, 3 (files/second)
*System load (%) is estimated by used resource divided by total available resource and is correlated with arrival rate (λ).
(λ = 0.75 ~ 10%, λ = 1.5 ~ 25%, λ = 2.25 ~ 50%, λ = 3 ~ 80%)


