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1. Introduction
Within Rel-13, 3GPP defined a DL only design of Licensed-Assisted Access (LAA) to utilize the unlicensed spectrum based on Carrier Aggregation (CA), where one or more low power SCells operate in unlicensed spectrum. However, for CA based LAA, there are some strict deployment requirements: co-location or non-co-location but with ideal backhaul between licensed and unlicensed carriers. As a consequence, this may limit the deployment scenarios of LAA. 
Note that, during 3GPP workshop on LAA, Dual Connectivity (DC) based LAA has been mentioned by many companies due to its’ value to extend the deployment scenarios of LAA compared to CA based LAA [1 - 7].
In this paper, we discuss the scenarios of LAA deployment related to DC. Motivations and benefits of supporting DC are identified for these scenarios.  
2. Motivations and benefits of supporting DC based LAA
In this section, we discuss motivations and benefits of supporting DC based LAA.
2.1. LAA deployment scenarios
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Figure 1 LAA scenarios

The use cases of LAA are considered mostly in heterogeneous network. Figure 1 illustrates several LAA deployment scenarios in heterogeneous network. There are co-located and non-co-located scenarios.
2.1.1 Non-ideal backhaul in non-co-located scenarios 
When the licensed carrier and unlicensed carrier are co-located in a small cell, CA can be used to achieve LAA. When unlicensed carriers are not co-located with the licensed carrier, CA can be used only if there is ideal backhaul (e.g. optical fibre) between macro and small cell. As shown in figure 1, the RRH can be seen as a small cell configured with unlicensed carrier(s) and scheduled in CA mode with a licensed carrier of macro cell. However, in some cases where a large number of RRHs deployed to cover a hotspot, the ideal backhaul connection is not always available and cannot be applied to all scenarios. It is not suitable for scenarios with a large number of connections for its prohibitive high cost and impractical infrastructure construction difficulty.  
Without ideal backhaul, DC is the only way to achieve LAA in non-co-located scenarios. Figure 2(a) illustrates the case that the UE with DC capability can connect to a licensed carrier of macro and an unlicensed carrier of a small cell via dual connectivity. Figure 2(b) illustrates the scenario that DC is operated on the small cell layer, i.e. between a licensed carrier of a pico cell and an unlicensed carrier of a small cell. 
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Figure 2(a)  DC between macro and small cell
	[image: image3.png]Macro LTE Carrier
LTE Carrier
I [ TE-U Carrier

Dual
connectivity

Dual
connectivity





Figure 2(b) DC between pico and small cell


2.1.2 Constraint on available licensed spectrum 
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Figure 3 Constraint on available licensed spectrum 
Some operators may have limited licensed spectrum, e.g. 20 MHz as shown in Figure 3. Due to this limitation, the entire licensed spectrum may be used for macro cell to ensure the wide area coverage. To deploy small cell in the same licensed carrier, it is required to tackle co-channel interference issue between macro and small cell. If DC based LAA can be supported, the operator can choose to deploy small cells only with unlicensed spectrum and work with existing macro via DC.
As shown in Figure 3, the macro cell is configured with 20 MHz licensed carrier and all small cells are configured with unlicensed carrier. DC can be used between licensed carrier of macro and one or more unlicensed carriers of small cells. The licensed spectrum is used to maximize coverage and ensure the robustness of the control signalling. While small cells with unlicensed carriers are used to satisfy the demand of hotspots. 
2.1.3 Coverage of unlicensed band
The typical licensed carriers of small cell are in 2.6 GHz and 3.5 GHz and the unlicensed carriers are in 5 GHz (especially in 5.8 GHz). The wireless channel characteristics of licensed and unlicensed bands are different. In general, the propagation path loss of the higher band is larger than lower band which means the unlicensed band can only provide a much smaller coverage than the licensed band of the same transmission power. Furthermore, the penetration loss in indoor scenario is larger for higher band. There exists a coverage difference between licensed bands and unlicensed bands especially for indoor scenarios.
In addition, higher transmission power is often configured for licensed band than in unlicensed band. The range of the transmission power on a licensed band of small cell can be found in [9], while some much lower transmission power limits of unlicensed band can be found from [10]. Furthermore, for the purpose of interference coordination, the actual transmission power of unlicensed carrier will probably be even lower than the limits from [10] in most cases. 

In order to let more UEs benefit from offloading to unlicensed spectrum, it is desirable to have a good coverage of unlicensed band even in hotspot scenario. Thus, small cells with both licensed and unlicensed carriers need to be deployed in high density. However, this will increase the cost of network deployment and create overlapping coverage for licensed band which in turn requires careful interference coordination. To reduce the cost and interference, it is desirable to deploy small cells with only unlicensed band much denser than those small cells with licensed band. In Appendix A.1, the coverage difference of co-located licensed and unlicensed carrier is shown in Figure A.2. It is also shown in Figure A.2 that a similar coverage of unlicensed band as that of licensed band can be maintained with a denser non-co-located small cell deployment with unlicensed carrier only.
For these small cells with only unlicensed band, non-ideal backhaul should be supported to connect to the small cells with licensed band as shown in Figure 2(b). Some performance evaluation results are presented in Appendix A.2. A significant performance gain in terms of UPT is observed with a denser non-co-located DC based LAA deployment compared to co-located CA based LAA deployment. Therefore, it is beneficial to support DC based LAA in this scenario to allow different deployment densities of small cells with licensed bands and unlicensed bands. 

Observation: DC based LAA greatly extend the applicable deployment scenarios of LAA.
2.2. UE capability
To support CA, the UE category is usually at least Cat. 4. However, if the CA capable UE only supports two carriers (e.g. Cat. 4 or Cat. 5 commercial UEs), the UE may only support DC between the licensed carrier of macro and the licensed carrier of small cell even if Rel-12 DC is supported by that UE. This is because typically one carrier has to be connected to macro to ensure robustness on mobility. In order to have 2-CC capable UEs benefit from LAA, DC based LAA needs to be supported so that another carrier can be an unlicensed carrier of small cell (as shown in Figure 2(a)).  Otherwise, this type of UEs could not use unlicensed carrier for traffic offloading in this scenario.
Even for high end UEs supporting higher categories with more carriers (e.g. N carriers), to use Rel-12 DC, the UEs have to connect to at least two licensed carriers (one licensed carrier from macro and one licensed carrier from small cell) at the same time. Without DC based LAA, the UE may utilize N-2 unlicensed carriers using CA with the licensed carrier in the small cell. Considering the current available maximum UE capability is supporting three carriers (i.e. N=3), this means the UE can only utilize one unlicensed carrier, which greatly limit the offloading effect of unlicensed carrier.   
In order to fully utilize the unlicensed carriers together with DC, it is desirable to support DC based LAA considering UE capability.
Observation: DC based LAA enable more UEs to benefit from offloading to unlicensed carriers.
3. Conclusions
In this paper, applicable deployment scenarios of dual connectivity in LAA are discussed. Motivations of supporting DC based LAA are identified. Considering the aspects of UE capability, different coverage, constraints of available licensed spectrum, it is beneficial to support DC based LAA. Therefore, we have the following proposal:

Proposal:  Dual connectivity based LAA should be supported in Rel-14 LAA WI.
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Appendix
A.1 Coverage difference of co-located and non-co-located deployment
In this subsection, we investigate the performance of coverage of an indoor (W: 50m, L: 120m) environment composed of fixed cell layout based on the number of small cells as shown in Figure A.1.  In Figure A.1(a), small cells with licensed carrier and small cells with unlicensed carrier are co-located. While in Figure A.1(b) and Figure A.1(c), more small cells with only unlicensed carriers are added as a non-co-located deployment. Simulations are performed for licensed carrier frequency at 2.6 GHz and 3.5 GHz, and for unlicensed carrier frequency at 5.8 GHz.
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Figure A.1 Deployment with ratio of small cells with licensed carrier to small cells with unlicensed carrier. from left to right (a) 4:4  (b) 4:8  (c) 4:16

When small cells with licensed carrier and unlicensed carrier are deployed co-located, Figure A.2 clearly shows that the gap of coverage is more than 10dB. As the number of non-co-located small cells with only unlicensed carrier increases, the coverage gap between the licensed carrier and unlicensed carrier decreas.
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Figure A.2 Coupling Loss of co-located and non-co-located unlicensed carrier small cell deployment
A.2 UPT performance
In this subsection, we evaluate the performance of DC mode and CA mode considering limitation of UE carrier capability. The UE can support either CA with 2 carriers or DC with 2 carriers. The licensed carrier is at 3.5 GHz while the unlicensed carrier is at 5.8 GHz.The layout of co-located small cells is the same as Figure A.1(a) for CA based LAA. The layout of non-co-located DC based LAA is the same as Figure A.1(c) to maintain a similar coverage of unlicensed band as that of licensed carrier. The following Table A.1 shows the UTP performance gain of non-co-located DC based LAA compared to co-located CA based LAA. 
Table A.1 UPT performance of co-located CA based LAA and non-co-located DC based LAA with medium traffic load

	LBT Cat. 4
	4 co-located small cells

w/ CA based LAA
	16 non-co-located small cells

w/ DC based LAA

	UPT CDF
[Mbps]
	5%
	95.560
	119.774

	
	50%
	121.840
	150.293

	
	95%
	172.999
	180.456

	
	Mean
	125.543
	153.300

	Delay CDF
[s]
	5%
	0.016
	0.016

	
	50%
	0.035
	0.025

	
	95%
	0.128
	0.117

	
	Mean
	0.050
	0.039

	𝜌
	(%)
	99.942
	99.885

	BO
	
	35.391
	12.09

	𝜆
	2.2
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