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1 Introduction
In RAN#65, a new SI “Study on Licensed-Assisted Access using LTE” was approved. This feasibility study will evaluate LTE enhancements for a single global solution framework for licensed-assisted access (LAA) to unlicensed spectrum. As agreed in RAN#65 such a system operating in unlicensed spectrum should have as a key design target the utilization of spectrum fairly and effectively with respect to other users, including WiFi and other LTE-LAA networks. In this contribution, we discuss fair sharing metrics and fundamental candidate functionalities towards the fairness design target in LAA.
2 Fair sharing metrics for co-existence
As LTE-LAA would be new-comer to unlicensed spectrum, one interpretation of “fair use” can be to not unreasonably impact existing deployments such like WiFi. To put it simply, one can say that a deployment of LAA should not impact Wi-Fi services more than an additional Wi-Fi network on the same carrier (at least under the assumption of the same offered traffic for both networks). As suggested by the initial results in the Appendix, by introducing listen-before-talk (LBT), LAA can meet such a target in the case of throughput metrics. On this basis it seems likely that the target can also be met by LBT based LAA using other possible metrics such as latency or jitter or combination of those parameters.
In addition to fair use, effective spectrum use should also be considered because the available shared unlicensed spectrum is ultimately limited, even if lightly used at the moment. Firstly, the efficiency of spectrum utilization should not be worse than existing deployments. Spectrum utilization efficiency can be defined as the throughput divided by the occupied time-frequency resource. Secondly, LAA should also get a fair transmission opportunity to achieve serviceable throughput. As mentioned in appendix, transmission opportunity is a key factor to obtain high throughput. In the simulation, the total offered traffic of WiFi DL per cell is equal to total the offered traffic of WiFi UL per cell while each WiFi network contain one access point (AP), two stations (STAs). When the offered load is low, the real throughput of WiFi DL is equal to that of WiFi UL. As the offered load increases, the real throughput of WiFi UL gets higher and higher than that of WiFi DL. It is because that each STA has same transmission opportunity with an AP. Therefore fair transmission opportunity between UL/DL could also be one of fair sharing metrics. 

3 Required functionalities for co-existence
Here we discuss some fundamental functionalities which could be applied in LTE-LAA to achieve fairness according to the above metrics.
· Listen-Before Talk (LBT)
Following WiFi, two types clear channel assessments (CCA), energy detection (ED) and carrier sense (CS) based on preamble detection can be used for LBT.  As shown in appendix, CCA-ED enables LAA not to impact WiFi-services more than additional Wi-Fi networks on the same carrier. By leveraging some preambles, CCA-CS enables to detect signals with lower power than ED threshold at the expense of hardware complexity. CCA-CS may be designed to work only between LAA systems or between both LAA-WiFi and LAA-LAA. Whether to adopt CCA-CS and what type of CCA-CS to choose should be determined considering the impact of change from current LTE physical layer design as well as the performance gain. Similarly, virtual CCA like RTS/CTS which could be LAA-dedicated or common with WiFi should also be evaluated carefully. Instead, collision avoidance technique may be more useful in the coexistence scenario between LAA and WiFi or among LAA, especially in the case that the neighboring cells are synchronized. 
· Random back-off

When data is available to transmit, random setting of back-off timer can be used to reduce the probability of collisions.  The back-off timer is decreased as long as the channel is sensed to be idle for a predefined period. The timer is frozen during the period that the channel is busy. When the back-off timer reaches 0, the eNB transmits its data.

· Carrier aggregation with carrier selection
As there are a large number of carriers (20 MHz channels) in unlicensed spectrum, adaptive cell on/off and agile carrier selection would be beneficial. Since related control signals can be transmitted over the licensed band, LAA can achieve more agile carrier selection than WiFi system. In the other hand, aimed at effectively sharing unlicensed spectrum, many regulators set bounds on several parameters such as, channel occupancy time, idle period, CCA time. Abiding by those regulations, agile carrier selection may contribute to the advantage over WiFi from the viewpoint of throughput performance. Also, in-device coexistence between LAA and WiFi requires careful channel selection.
4 Conclusions

We discussed fair sharing metrics and candidate functionalities for co-existence. While reusing current LTE physical-layer design as much as possible, some of techniques implemented in WiFi system such as CCA-ED may be adapted to LAA. We identify the following possible new features for LTE-LAA:-

· Listen-Before Talk (LBT)
· Random back-off

· Carrier aggregation with carrier selection

A comprehensive evaluation scheme should be prepared for designing new features as it might be not reasonable to conclude that fairness is adequately achieved by only looking at the impact on WiFi from LAA.
Appendix A
We present an initial study of coexistence performance of LAA when LAA networks coexist with WiFi networks by simulation. In the simulation, LBT is based on CCA-ED. The impact of collision avoidance functionality is also studied by comparing the following two types of LBT. 
Type 1: LAA without back-off
         The eNB assesses the channel at the timing right before start of subframe before it transmits data. If the channel is idle (energy of the channel is detected to be lower than the CCA energy detection threshold), it starts to transmit data. In this case, eNBs with same start timing of a subframe may often transmit data with the same timing.
Type 2: LAA with back-off 
        The eNB sets a back-off timer when it has data to transmit. The duration of a back-off period is selected randomly in a range. The back-off timer is decreased as long as the channel is sensed to be idle for a predefined period. The timer is frozen during the period that the channel is busy. When the back-off timer reaches 0, the eNB transmits its data.
A1 Simulation assumptions
In this simulation, we assume a very dense environment in which each room in a building has a WiFi network or LAA network. As Figure 1 shows, the building has 5 floors. On each floor there are 20 rooms. One eNB/AP and two UEs/STAs are dropped randomly and uniformly over the area within each room. The following three cases are simulated and compared.
· All WiFi case: all of the networks are WiFi networks

· Half and half Case:  half of the networks are WiFi networks, and the other half are LAA networks.

· All LAA case: all of the networks are LAA networks
Only the throughputs in an unlicensed 20MHz channel are evaluated in this simulation. For LAA, DL-only is assumed. For WiFi, DL per cell and UL per cell are offered the same load simultaneously. Simulation parameters are given in Table 1. All the nodes have a same transmission power, same noise figure for simplicity. 
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Figure 1: Deployment model
Table 1 Simulation parameters
	Parameter name
	value [unit]

	Carrier frequency
	5.2   [GHz]

	Number of 20MHz channel
	1

	Number of Networks
	100

	Number of UEs per eNB
	2

	Number of STAs(Wi-Fi) per AP
	2

	Traffic model
	FTP Model 1;
Same Offered traffic per cell for LAA, WiFi DL, WiFi UL

	Number of Tx antenna
	1

	Number of Rx antenna
	1

	Transmission power (LTE eNB)
	20 [dBm]

	Transmission power ( AP)
	20 [dBm]

	Transmission power (STA)
	20 [dBm]

	Noise figure
	5 [dB]

	CCA energy detection threshold
	-135 [dBm/Hz]

	Maximum transmission length of data
(for both LAA and WiFi)
	5 [ms] 

	Minimum Idle period after each bursty transmission ( for LAA)
	1 [ms]

	Distance-dependent path loss
	PL (dB) = 38.46 + 20 log10R + 0.5*d2D,indoor + 18.3 n ((n+2)/(n+1)-0.46)+ q*Liw+ 20log10(fc/2)
R: 3-D distances between nodes.

n: number of floors traversed

LiW: InnerWall penetration loss; 9dB for 5GHz

(Same as SC-to-Indoor UE (same building) cases in scenario 2b and 3 from TR36.872)


A2 Simulation results
Figure 2 compares the throughput of LAA in all LAA case and the throughput of WiFi in all WiFi case. When the offered load is low enough (e.g. 1Mbps), all the cases get a throughput which is identical to the offered traffic. When the offered load is high enough (e.g. 10Mbps), LAA’s throughput in all LAA case is better than the total throughput of DL and UL in all WiFi case. 
Figure 3 compares the throughput in half and half case. Figure 4 compares channel occupancy time in half and half case. It can be seen that although LAA occupies less time than WiFi UL, it provides better throughput than WiFi UL. We note that WiFi UL occupies more time than WiFi DL and LAA when the load is high because WiFi UL in which signal is transmitted from two STAs has more transmission opportunity than the other two in which only one AP/eNB transmits signal.
LAA impact on WiFi:

The throughput of WiFi is shown in Figure 5. WiFi in half and half case has larger throughput than that of WiFi in the all WiFi case. It means that LBT based LAA’s impact is less than that of equivalent additional WiFi networks. Moreover, the CAV function can reduce the impact further, if required. 
LAA’s throughput:
The throughput of LAA is shown in Figure 6. In all LAA cases, LAA w/o back-off has better performance than LAA w back-off. In half and half cases, LAA w/o back-off has worse performance than LAA w back-off. In this simulation, a very dense environment is assumed. A less dense environment may lead to different results between LAA w back-off and LAA w/o back-off. Therefore multiple deployment scenarios and the prioritization between those scenarios may be needed for fully evaluating and optimising LAA’s design.
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Figure 2: Sector throughput in the case of all LAA or all WiFi
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           Figure 3: Cell throughput in half and half case                   Figure 4: Channel occupancy time in half and half case
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                        Figure 5: Cell throughput of WiFi                                              Figure 6: Cell throughput of LAA
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