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1 Introduction

In 3GPP TSG RAN #65 meeting, the study item of “Study on Licensed-Assisted Access using LTE” was approved for Release 13 study [1]. In the agenda for Licensed-Assisted Access Using LTE for RAN1 #78bis [2], the topic “Identification of candidate detailed solutions for required functionalities and design targets” is included. 

In this contribution, the potential solutions to meet the design targets of licensed-assisted access using LTE (LAA-LTE) are discussed. The desired functionalities and design targets of LAA-LTE for operation in unlicensed spectrum are provided in a companion contribution [3]. 
2 Design principle for potential solutions 
The following aspects should be considered for the design principle:

· The design should exploit the different characteristics of different spectrum resources.
· Licensed spectrum: high QoS, reliability, high spectrum efficiency, coordinated
· Unlicensed spectrum: abundant resources for opportunistic usage 
Accordingly the LAA-LTE design should consider one or more opportunistic, complementary Secondary Component Carriers (SCCs) integrated into LTE.
· The constraints imposed by coexistence regulations shall be met.

Various regulations exist for opportunistic usage on the unlicensed spectrum. The analysis on the existing regulation requirements for unlicensed spectrum deployment in the 5GHz bands is present in another companion contribution [4], including Transmission Power Control (TPC), Dynamic Frequency Selection (DFS), Channel Access Mechanisms (e.g. Listening-before-Talk (LBT) in Europe and Carrier Sense in Japan), etc. Furthermore from the aspect of channel access mechanisms, it was observed that some functionalities should be supported to meet the regulation on coexistence, including carrier sensing, discontinuous transmission (i.e., on/off), and potential contention resolution.

Therefore the LAA-LTE design to comply with channel access mechanisms is an important aspect for study and evaluation. 
· Using existing LTE as the baseline design
As suggested in the SID for LAA-LTE, the identified enhancements should reuse the features of LTE as much as possible. Therefore using the existing LTE can be the baseline design for LAA-LTE. For example, basis numerology should not be changed, including sampling rate, subcarrier spacing, OFDM symbol length, etc. By keeping this principle, specification impact can be limited, since re-design the basis OFDM parameters could take a very long time. In addition, reusing the current LTE air-interface numerology also saves implementation and test complexity, since it conforms to the current LTE industry chain. Furthermore, current main functions in LTE systems may be supported for LAA-LTE, such as multi-user scheduling, fast link adaptation and HARQ, which would improve the unlicensed spectrum usage efficiency. In summary, the existing LTE features can be used as the baseline for LAA-LTE designs. However the further enhancements of LTE, if justified, can also be introduced.
3 Main aspects for potential solutions
Following the above design principle, the main aspects for potential solutions include:
· Basic architecture of the solution: Integrated spectrum resources via CA 
The licensed and unlicensed carriers can be integrated via CA mechanisms while exploiting the different characteristics of different spectrum resources. For example, the licensed carrier can be used to transmit system information, control information, carry feedback and so on. The unlicensed carrier is mainly used for data transmission, or data transmission and control information. This may not require any standards enhancements.
· Main PHY characteristics of the solution: opportunistic transmission and its supports
The opportunistic transmission in unlicensed band may be done in three ways:
· Sensing + Small cell on/off 
· Sensing + Carrier selection
· Channel Access Mechanisms (e.g. LBT and carrier sense)
For small cell on/off, the off period can provide the opportunistic transmission for Wi-Fi and other LAA services. The off-to-on transition time can be much reduced from Rel-12 work considering the coexistence with other systems. By carrier selection, the LAA-LTE devices (e.g. eNB) can select one carrier with light load and accordingly good coexistence with other unlicensed spectrum deployments would be achieved. Furthermore carrier selection can also be considered with channel access mechanisms. These three mechanisms can be combined. 
· Main PHY design for the solution
Among the various regulations requirements, LBT in Europe definitely specified the channel sensing mechanisms as well as the channel occupancy time. This will incur the modifications on the frame structure over the unlicensed spectrum to allow eNB interrupt transmission and begin to sense. On the other side, UE behaviors to support opportunistic reception and transmission should also be considered. Therefore the main physical design for the solutions can be studied from the following two parts:
· Frame structure modifications with respect to LBT
· UE behaviors to support opportunistic reception and transmission
· Opportunistic DL reception including measurements, synchronization, reliable detection of on/off (including detection on changing carrier), etc., needs to be supported 
· Opportunistic UL transmission together with centric-scheduling mechanism inherited from LTE. 
· Other aspects: 
Besides the different regulations, the enhanced interference coordination could also be considered to allow efficient use of unlicensed spectrum even in high load scenarios, in which the simple channel sensing and avoidance may not be sufficient.
4 More details on LAA-LTE designs
Following the above main aspects for potential solutions, the more detailed LAA-LTE designs will be discussed in this section.
4.1 Architecture of LAA-LTE design for support of opportunistic transmission
As discussed in the previous section, integrating spectrum resources via CA can be the basic architecture of LAA-LTE design. The opportunistic transmission over unlicensed spectrum may be done in three ways:

· Sensing + Small cell on/off
The activation and deactivation of Scells defined in CA already enables to some extent the opportunistic use of unlicensed spectrum. However, the activation/deactivation of a Scell in LTE is still based on the always-on common channel transmission, continuous channel measurement and corresponding reports in LTE version Rel-11 and before. Such a restriction will be solved to some extent by the standardization of small cell on/off in LTE Rel-12, where the off state of a cell has been be supported and during cell off period UE would quit legacy channel measurement. This could be as one building block for further enhancements, e.g. the enhancements to comply with the regional regulation requirements. That is dynamic small cell on/off on the level of ms (e.g. subframe-level on/off) with sensing may need to be supported so as to satisfy the channel access mechanisms (e.g. LBT and carrier sense). 
· Sensing + Carrier selection
Due to the large amounts of unlicensed spectrum, carrier selection can be designed to achieve good coexistence between multiple systems over unlicensed spectrum. For example, eNB can perform carrier selection semi-statically by sensing and select the carrier with relatively light load as the operating carrier.  Channel access mechanism such as LBT could be done on the selected carrier until eNB chooses another carrier. On the other side, dynamic carrier selection can also be considered. That means eNB should have the capability to sense large amounts of unlicensed spectrum during a short period of time and support dynamic carrier switching. Furthermore LBT could also be done together with dynamic carrier selection. 
· Channel Access Mechanisms
LBT specified in Europe and carrier sense specified in Japan provide an opportunistic channel access mechanism to guarantee the fair co-channel coexistence among different systems over unlicensed spectrum. These mechanisms can be combined with small cell on/off or carrier selection for LAA-LTE designs.
Proposal 1: small cell on/off, carrier selection with sensing and channel access mechanisms (e.g. LBT and carrier sense) as well as their combinations can be candidate solutions for LAA-LTE design.
4.2 Frame structure modification with respect to LBT
4.2.1 Description of LBT

Generally speaking, LBT means equipment should apply instantaneous channel sensing before using this channel. As discussed in [4], in some regions, there is regulation to explicitly specify how to perform LBT as well as the maximum channel occupancy time once sensing the vacant channel. For example, in Europe, two kinds of LBT behaviours are defined [5], Frame Based Equipment (FBE) and Load Based Equipment (LBE). In Japan, the Max Burst Length was specified to be less than 4ms. 
Next, the frame structure modifications to comply with LBT will be discussed. Taking another channel access mechanism in Japan into account, the frame structure modifications to comply with LBT should allow limiting the max burst length to 4ms, 10ms, or 13ms, depending on the operating region.
4.2.2 Frame structure modification to support of DL transmission 
· LTE frame structure modification with respect to FBE

Two options to make the LTE frame structure match the FBE requirement can be considered. 
Option 1 for FBE: following SDL structure

In this case, only DL transmission occurs on the unlicensed cell. Consecutive TTIs can be bundled as the fixed frame period/channel occupancy time and some OFDM symbols can be the idle period including CCA. 
Option 2 for FBE: following TDD frame structure

In this case, only DL transmission or DL/UL transmission occurs on the unlicensed cell. Silent uplink intervals as well as GP can be used by eNB as the idle period and CCA window. 
· LTE frame structure modification with respect to LBE

Two options to make the LTE frame structure match the LBE requirement can be considered. 
Option 1 for LBE: non-aligned subframe boundary between licensed cell and unlicensed cell

In this case, the data transmission can occur anytime as long as the eNB competes for the unlicensed spectrum. Obviously the UE needs to monitor the unlicensed cell all the time to judge whether the unlicensed spectrum is occupied by the serving cell.
Option 2 for LBE: aligned subframe boundary between licensed cell and unlicensed cell

In this case, the data transmission over the unlicensed cell can begin at the subframe boundary which is aligned with the one over the licensed cell. It would be unnecessary for UEs to monitor the unlicensed cell all the time due to the assistance of the licensed cell. Therefore the blind detection complexity of UE on the unlicensed cell would be decreased.
Proposal 2: if LBT is considered, frame structure modification for DL based on either FBE or LBE can be considered.
4.2.3 Frame structure modification to support of UL transmission 
Unlike the support of DL transmission, it is preferred that UE can only transmit with the permission of eNB, just like the normal LTE UL, therefore FBE which has the fixed frame period seems a better choice than LBE. Two FBE options can be considered. 

Option 1: following SUL (single UL) structure

Similar as the SDL structure, in this case, only UL transmission occurs on the unlicensed cell during a certain time. The SUL structure can occur with the SDL structure in a TDM manner over the same unlicensed carrier. 

Option 2: following TDD structure

In this case, only UL transmission or DL/UL transmission occurs on the unlicensed cell. Silent downlink intervals as well as GP can be used by UEs as the idle period and CCA window. 
Proposal 3: if LBT is considered frame structure modification for UL based on FBE is preferable.
It should be noted that on top of the above designs for frame structure modifications, the maximum channel occupancy time can be configured less than X ms (X can be 4, 10, or 13), depending on the operating regions. For example, X can be 4 to satisfy the carrier sense requirements specified in Japan while in Europe, X can be 10 or 13.
4.3 UE behaviors
· Opportunistic DL reception
The opportunistic use of unlicensed spectrum will incur UE behaviour for opportunistic reception including synchronization, measurement, detection on whether the unlicensed spectrum is available, etc. Due to the opportunistic channel usage, periodic RS may not always have opportunity to be transmitted even for DRS. Therefore the enhancements to assist the opportunistic synchronization and measurement (including RRM/CSI measurement) over the unlicensed spectrum should be studied. For example, when the subframe-level on/off of the unlicensed spectrum and/or dynamic carrier selection are considered, dynamic/opportunistic measurements, fast synchronization, fast and reliable detection of on/off (including detection on changing carrier), etc., need to be supported. Accordingly the enhanced RS for measurement, tracking, on/off detection may need to be considered. Furthermore, the potential enhancement of blind detection capability to support the opportunistic DL reception may need to be addressed.
· Opportunistic UL transmission
Basically, on the unlicensed spectrum, each device decides its transmission opportunities based on self-detection of channel availability. However in LAA-LTE, if the UL transmission grant is still decided by the eNB, while channel availability sensing is decided by UE, it could be even more difficult to support UL transmission with respect to the case that an eNB may schedule a UE UL grant but this UE fails to get access the channel in scheduled time due to contention. These problems should be addressed to ensure that UL transmission can be supported without change of basic centric-scheduling mechanism in LTE. Further study on UL transmission is needed.
In addition, some enhancements of measurement and the corresponding report by UEs may support the LAA-LTE eNB discover the hidden node problem where two transmit nodes are out of their listening range but the served UE located at the middle area of the two nodes. Therefore potential inefficient usage of the unlicensed spectrum can be avoided.
Proposal 4: the opportunistic DL reception including UE synchronization, measurement and detection of on/off (including detection of changing carriers) should be addressed with high priority.
Finally it should be noted that although the various regulations can provide preliminary mechanisms to achieve interference coordination between coexisting systems over unlicensed spectrum, enhanced interference coordination with respect to more complex interference scenarios in unlicensed spectrum may also be needed. For example, further coordination and handshake mechanisms over the air interface between inter-operator LAA-LTE may allow more efficient use of unlicensed spectrum even in high load scenarios, in which the simple channel sensing and avoidance may not be sufficient. 

Proposal 5: enhanced interference coordination with respect to more complex interference scenarios in unlicensed spectrum may be needed.
5 Conclusion
In this contribution, the potential solutions to meet the design targets of LAA-LTE are discussed. According to the analysis, some proposals and observations can be obtained for further evaluation of LAA-LTE.
Proposal 1: small cell on/off, carrier selection with sensing and channel access mechanisms (e.g. LBT and carrier sense) as well as their combinations can be candidate solutions for LAA-LTE design.
Proposal 2: if LBT is considered, frame structure modification for DL based on either FBE or LBE can be considered.
Proposal 3: if LBT is considered, frame structure modification for UL based on FBE is preferable.
Proposal 4: the opportunistic DL reception including UE synchronization, measurement and detection of on/off (including detection on changing carrier) should be addressed with high priority.
Proposal 5: enhanced interference coordination with respect to more complex interference scenarios in unlicensed spectrum may be needed.
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