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1 Introduction

LTE/WLAN aggregation (LWA) has been agreed to be a R-13 WI[4] in RAN #67 meeting. eNB is responsible to distribute PDCP PDU to LTE or WLAN. This paper discussed the dispatching function, which decides the traffic split between LTE and WLAN, and what kind of information it requires to achieve good performance.
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Figure 1 Dispatch at eNB
2 Theoretical optimal
Theoretically, the maximum throughput is achieved when the ratio of LTE and WLAN data portion equals to the ratio of LTE and WLAN throughput (or buffer/queue consuming speed). For example, if ThroughputLTE = 30Mbps, ThroughputWLAN=70Mbps, the idea partition of data is DataLTE : DataWLAN = 3 : 7. If the total buffered data is 100M, LTE handles 30M and WLAN handles the other 70M. This would result in LTE and WLAN finish transmitting at the same time, therefore, no extra delay.

Throughput estimation on the run is not that simple, it can be estimated through measurement at L1, e.g. MCS, or at L2. In the next section, we compared the performance of these alternatives through simulation.
3 Simulation
3.1 Alternatives
Alt.1 No feedback 
For this alternative, no information is feedback to assist eNB dispatching, and eNB simply applies a fixed ratio. Considering the maximum PHY rate for LTE and WLAN is the same in our setting (146.784 Mbps for LTE, 144.4 Mbps for WLAN), traffic is split evenly over LTE and WLAN. We consider this alternative as the performance baseline.
Alt.2 L1 measurement-based feedback
Traffic is dispatched to LTE and WLAN according to L1 measurement, e.g. MCS based on measured RSSI value for WLAN and CQI index for LTE. The dispatching algorithm applies following steps:
1. UE measure WLAN RSSI, SNR and then feedback MCS index to eNB. UE also measure LTE channel condition and feedback CSI to eNB.
2. Based on feedback information, eNB derives ThroughputWLAN and ThroughputLTE.
3. X = 100 * ThroughputLTE / (ThroughputWLAN + ThroughputLTE). Dispatch X% traffic to LTE and (100 - X)% traffic to WLAN.
Alt.3 L2 measurement-based feedback
Traffic is dispatched according to measured throughput at L2, i.e. successful received data bits during active transmission time (exclude idle time). The dispatching algorithm applies following steps:
1. UE measure L2_Throughput
 for WLAN and LTE and feedback to eNB
2. eNB derives throughput with α
, i.e. ThroughputWLAN(n) = (1 - α) * ThroughputWLAN(n-1) + α * L2_ThroughputWLAN, and also ThroughputLTE(n). 

3. X = 100 * ThroughputLTE / (ThroughputWLAN + ThroughputLTE). Dispatch X% traffic to LTE and (100 - X)% traffic to WLAN.
We then compared the UPT
 performance of these three alternatives. The simulation parameters settings can be found at Appendix.
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Figure 2 UPT vs. system loading

From Fig. 2, we had following observations:

· For low to medium system loading (10%~25%), both feedback alternatives outperform no feedback alternative by ~15%.
· For low system loading (~10%), L1 and L2 measurement have similar performance.

· For all cases, L2 throughput measurement has the best performance and always outperforms no feedback alternative.

· For medium to high system loading (>~50%), L1 measurement has worse performance than no feedback alternative.

4 Conclusion
In general, there is no big performance difference between L1 and L2 measurement when system loading is low to medium. For WLAN, high system loading means more UE contending for the resource, with increasing interference from CSMA/CA, L1 measurement no longer represents achievable UE throughput in a good way. However, it is possible to enhance the measurement by considering other parameters like channel utilization. On the other hand, L2 measurement always faithfully represent achievable UE throughput, therefore, always provide the best performance.

Please note although UE feedback is assumed in this paper, it does not prevent eNB to receive assistance information from other source.

Proposal:
Adopt feedback mechanism for LWA rate adaption.
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6 Appendix

	Simulation parameters
	LTE settings
	WLAN settings

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

	nUE
	20 UEs

	Simulation time
	10 seconds

	Channel model
	InH

	Carrier freq
	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 (WiFi AP) &
(round-robin between users in each AP) 

	MCS
	MCS index [0...28]
	MCS index [0...15], 400ns GI

	Traffic model
	FTP model 3

	FTP file size
	0.5 Mbytes

	Arrival rate (λ)
	0.75, 1.5, 2.25, 3 (files/second)


� The L2 measured throughput is estimated by successful received data bits S during active transmission time Tactive. The active transmission time refers to period that there is data to be sent, the idle time (no data) is excluded from active transmission time. Therefore, measured L2_Throughput = S/ Tactive


� α is set to 0.5.


� The User Perceived Throughput (UPT) is defined as the size of a file divided by the time between the arrival of first packet of the file and the reception of last packet of the file. � REF _Ref416359653 \r \h ��[5]�


� System loading is estimated by the ratio of occupied resource and total system resource.





