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1. Introduction
Within Rel-13 and Rel-14, 3GPP defined a DL & UL 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. In this paper, we discuss the scenarios and motivations of LTE deployments related to DC based LAA operation in unlicensed spectrum. Some further potential enhancements on Rel-13/14 (e)LAA and DC based LAA are identified as well. In addition, new applications scenarios such as NB-IoT/eMTC/V2X are also analyzed. 
2. Discussion on further enhancements of LTE operation in unlicensed spectrum

2.1. The deployment scenarios of LTE operation in unlicensed spectrum

The use cases of LTE operation in unlicensed spectrum are considered mostly in heterogeneous network. Figure 1 illustrates several deployment scenarios in heterogeneous network, including CA based operation, DC based operation in unlicensed spectrum.
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Figure 1 LTE operation in unlicensed spectrum

2.2. Motivations and benefits of supporting DC in unlicensed spectrum
2.2.1 With non-ideal backhaul in non-co-located scenarios
The specification work on CA-based LAA operation mode has almost been finished in Rel-13 LAA WI and Rel-14 eLAA WI. As we know, CA-based LAA operation mode has strict deployment requirements, and can only be used in co-located or ideal backhaul connection scenarios. However, in many cases where a large number of Remote Radio Heads (RRH) deployed to cover a hotspot, the ideal backhaul connection is not always available. It is not suitable for scenarios with a large number of connections for its prohibitive high cost and impractical infrastructure construction difficulty.
Therefore, DC based LAA operation should be used in non-co-located scenarios without ideal backhaul link. Compared to CA based LAA operation, the DC based LAA deployment is more flexible and has less cost.
Observation 1: To reduce the complexity and cost of the network deployment, DC based LAA operation can be used in non-co-located scenarios with non-ideal backhaul.
2.2.2 Small cell density considering different coverage in unlicensed carrier
Due to different channel characteristics (propagation pathloss, penetration loss) and transmit power between unlicensed and licensed carriers, there are coverage holes in unlicensed carriers if cell planning is done according to licensed carriers. In order to allow more UEs to benefit from offloading to unlicensed carrier, it is desirable to have a good coverage of the unlicensed carriers even in hotspot scenario. Thus, small cells with both licensed and unlicensed carriers need to be deployed in high density areas. However, this will increase the cost of network deployment and create overlapping coverage for licensed carriers which in turn require careful interference coordination. 
To reduce the cost and interference, it is desirable to deploy small cells with only unlicensed carriers much denser than those small cells with licensed carriers. As shown in Figure 2 with the simulation assumptions given by [1], it can be observed that a similar coverage of the unlicensed carrier as that of the licensed carrier can be maintained with a denser non-co-located small cell deployment with unlicensed carrier only.
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Figure 2 Coupling Loss of co-located and non-co-located unlicensed carrier small cell deployment
This means these two types of small cells with licensed and unlicensed carriers are better to be deployed in non-co-located manner. Typically there is no ideal backhaul between inter-site nodes. These denser small cells with unlicensed carrier should be supported to connect with non-ideal backhaul either to the cells with licensed carriers. Namely, LTE operation in unlicensed spectrum should be supported using DC based LAA mode for such scenarios to allow different deployment densities of small cells with licensed carriers and unlicensed carriers.

Observation 2: DC based LAA operation greatly extend the applicable deployment scenarios of LTE operation in unlicensed spectrum.
2.2.3 Constraint on available licensed spectrum
Some operators may have limited licensed spectrum, e.g. 20 MHz. Due to this limitation, the entire licensed spectrum may be used for macro cell to ensure the wide area coverage. If only CA-based LAA operation mode is supported, the small cells have to support both licensed carrier and unlicensed carriers. To deploy small cell in the same licensed carrier, it is required to handle co-channel interference issue between macro and small cells. 
An alternative is to deploy small cells only in unlicensed carrier which are connected to macro cell via non-ideal backhaul For this case, only DC based LAA can be used. This does not need to configure the same licensed carrier with macro cell for small cells and can avoid dealing with co-channel interference issue.

Observation 3: DC based LAA operation is more suitable for the network deployment of the operators which have limited licensed spectrum.
2.2.4 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 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.  Otherwise, this type of UEs could not use unlicensed carrier for traffic offloading in this scenario.
Even for high cost 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 supporting 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, it is desirable to support DC based LAA operation in unlicensed spectrum considering UE capability. With DC based LAA operation mode, all the UE carriers can be used as unlicensed carriers except the PCell carrier in MeNB. 
Observation 4: DC based LAA enables more UEs to benefit from offloading to unlicensed carriers.
Proposal 1:  Dual connectivity based LAA should be supported in Rel-14 LAA WI.
2.3. Potential enhancements for LTE operation in unlicensed spectrum
DC based LAA itself has some issues to be solved/enhanced for matching the scenarios in the combination of unlicensed spectrum and Rel-12 DC. Based on the existing LAA/eLAA conclusions, the following content may need to be specified and/or further enhanced to support DC based LAA.
· System information transmission

In Rel-13/Rel-14 (e)LAA WI,  there is no support in BS or UE for transmission/reception of any current broadcasted system information for the LAA SCell. In Rel-12 DC, SIBs of the cells in SCG can be transmitted by MeNB. For DC based LAA, how to transmit system information (MIB/SIBs) of the cells in SCG should be considered.

· PUCCH

PUCCH on LAA SCell is not introduced in Rel-14 eLAA WI. But to support DC based LAA, PUCCH waveform design, PUCCH transmission, and UCI transmission should be specified since PSCell in SCG can be configured as unlicensed carrier, which is a big difference with Rel-13/Rel-14 (e)LAA WI.

· PRACH
In RAN1 #84meeting, non-contention based PRACH transmission on LAA Scell is supported in Rel-14 subject to LBT. Furthermore, according to the conclusion of #85 meeting, enhanced LAA can operate without PRACH at least in scenarios with limited separation between base stations on licensed and unlicensed carriers, if the licensed and unlicensed carriers are in the same TAG. But for different TAG or LAA DC scenarios, the PRACH enhancement needs to be considered in unlicensed carrier.

· UCI
According to the results of the mail discussion after RAN1 #85 meeting, HARQ-ACK is recommended to study it in any future enhancements for LAA (e.g., LAA UL enhancement) due to reducing licensed carrier overhead. Therefore, for future LAA DC, it is an important area for enhancement that UCI (e.g., HARQ-ACK, CSI) with PUSCH and PUCCH is transmitted on the unlicensed carrier.

· Partial Subframe
The possible position of the existing DL burst transmission can reduce the DL spectral efficiency to a certain extent. Besides, Wi-Fi and LAA performance is decreased for decrease in the number of starting position. Based on this, from the point of view of resource utilization, more starting position can be considered for LAA DL enhancement or some new scenarios, e.g., LAA DC.
Proposal 2:  Some enhancements should be considered for DC-based LAA as the following: 
· System information transmission
· PUCCH
· PRACH
· UCI with PUSCH
· Partial Subframe
3. Discussion on unlicensed carrier supporting new scenarios  

Many new scenarios and services are specified and/or studied in 3GPP such as NB-IoT/eMTC/V2X. However relying only on the licensed spectrum to support those new services may be problematic due to limited licensed spectrum.
3.1. NB-IoT/MTC

As the growing interest in Internet of things (IoT), future wireless networks need to support diverse scenarios via machine-type-communication (MTC). The IoT devices should be of low-cost and energy efficient to enable large scale deployment. In the Rel-13, a NB-IoT work item is one of the first industry efforts to address the requirements of cellular internet of things. NB-IoT is aiming at resolving the massive connections of Machine Type Communication devices before 5G new RAT deployment. Release 13 NB-IoT/eMTC have provided a serviceable system.
As the number of devices increase drastically during the future years, it is important to ensure that large amounts of IoT devices and IoT traffic can be handled efficiently in the networks. For example, it is beneficial to increase the efficiency of small data packet transmission to accommodate more supported users. NB-IoT use repetition mechanism to extend 20 dB coverage to serve the indoor devices, which leads to possible hundreds of times more resource usage comparing with the non- Coverage Enhancement (CE) case. In turn, it means if NB-IoT is in-band deployed within the LTE eNB, the resource of the LTE cell will likely be fully occupied to support the NB-IoT cell that is CE configured. Thus, if the number of CE devices becomes large, the NB-IoT resource will be exhausted and the non-CE devices will hardly be served. However, the capability of licensed spectrum is very limited, moving the repetition to the unlicensed spectrum may be a good choice.

Besides, for NB-IoT or MTC, two kinds of traffic are mainly considered, signal triggered and time triggered. Especially, for long interval data applications, after transmitted once on unlicensed carrier, the UE can get into idle mode to save the power. For signal triggered MTC data, DL+UL mode can be considered as in LAA. Periodic report of time triggered traffic is another main type of the MTC data and high capability is an important feature characteristic of IoT. If massive NB-IoT devices exist in a limit area and belong to the same user (e.g. a company or a government department), concurrent periodic report transmissions will happen and may cause PRACH congestion. With this situation NB-IoT system might have to face congestion whenever the periodic report time reached, the Clear Channel Assessment (CCA) mechanism of the unlicensed carrier can relieve this problem to some extent.
First of all, for NB-IoT or MTC, the features of the scenarios, especially low delay sensitivity is well appropriate for applications to unlicensed carriers. Furthermore, if the unlicensed carrier supports NB-IoT or MTC scenarios, the UE or eNB can perform CCA success more easily with narrowband. Also, the performance may not be influenced heavily even by CCA failure considering the NB-IoT using the repetition mechanism. 

Therefore, if there are some NB-IoT/MTC applications to unlicensed carrier, some technical enhancements are needed to satisfy the unlicensed carrier regulation requirements for such scenarios. Such as, data transmission may be regularly interrupted during the repetition transmission because of the Maximum Channel Occupancy Time (MCOT) restrict.  Since it is expected that UEs will have low device power consumption in many IoT applications, some method to improve the probability of CCA success should be considered to save the UE power or some corresponding enhancement is needed.
3.2. V2X

The pace of LTE network deployment is accelerating all over the world, which enables more and more advanced services and Internet applications making use of the inherent benefits of LTE. Widely deployed LTE-based network provides the opportunity for the vehicle industry to realize the concept of ‘connected cars’. By providing a vehicle with an access to the LTE network a vehicle can be connected to the Internet and other vehicles so that a broad range of existing or new services can be envisaged. Vehicle manufacturers and cellular network operators show strong interests in vehicle wireless communications for proximity safety services as well as commercial applications. LTE-based V2X study is urgently desired from market requirement, and a SI on study on LTE-based V2X Services is ongoing in Release 14. 
One of the objectives is identify high level coexistence approaches (long-term basis) between PC5 transport for V2V services and DSRC/IEEE 802.11p services in the same channel of the unlicensed carrier. And RAN1 believes that other radio access technologies and LTE-based ITS transmissions on sidelink can co-exist. Some standardization and/or regulatory actions need to be taken in other bodies in order to enable this.The possible solutions identified by RAN1 for high level coexistence approaches (long-term basis) between PC5 transport for V2V services and DSRC/IEEE 802.11p services in the same channel have been discussed.
For years to come, V2X will have more and more applications. For these traffics, some of them may be under the coverage of operators’ network while some of them may not. If there is not any operators’ network, then the unlicensed spectrum may be helpful. If there is operators’ network, then the V2X under the unlicensed spectrum is useful to reduce the loads of the licensed spectrum. 
Observation 5: NB-IoT/eMTC/V2X can be extended to the unlicensed carrier.

Proposal 3: Detail requirement and evaluation methodology of study on NB-IoT/eMTC/V2X services on the unlicensed carrier should be studied.
4. Conclusions
In this paper, the applicable deployment scenarios of dual connectivity in LAA are discussed. Motivations of supporting DC are identified. Considering the aspects of UE capability, different coverage, constraints of available licensed spectrum, it is shown to be beneficial to support DC based LAA. And the applicable scenarios of NB-IoT/eMTC/V2X can be extended to the unlicensed carrier. Therefore, we have the following observations and proposals:
Observation 1: To reduce the complexity and cost of the network deployment, DC based LAA operation can be used in non-co-located scenarios without ideal backhaul.
Observation 2: DC based LAA operation greatly extend the applicable deployment scenarios of LTE operation in unlicensed spectrum.
Observation 3: DC based LAA operation are more suitable for the network deployment of the operators which have limited licensed spectrum.
Observation 4: DC based LAA enable more UEs to benefit from offloading to unlicensed carriers.
Observation 5: NB-IoT/eMTC/V2X can be extended to the unlicensed carrier.
Proposal 1:  Dual connectivity based LAA should be supported in Rel-14 LAA WI.
Proposal 2:  Some enhancements should be considered for DC-based LAA as following: 
· System information transmission
· PUCCH
· PRACH
· UCI with PUSCH

· Partial Subframe
Proposal 3: Detail requirement and evaluation methodology of study on NB-IoT/eMTC/V2X services on the unlicensed carrier should be studied.
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