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1. Introduction & Background
In RAN#65, a new Study Item “Study on Licensed-Assisted Access using LTE” was approved [1], which aims to evaluate LTE enhancements for a single global solution framework for licensed-assisted access to unlicensed spectrum. According to [1], the objectives of this SI include:
· Identify and evaluate physical layer options and enhancements to LTE to meet the requirements and targets for unlicensed spectrum deployments identified in the previous bullet, including consideration of the methods to address the co-existence aspects on unlicensed bands with other LTE operators and other typical use of the band

In RAN1#79 meeting, extensive discussions on functionalities were performed, and the following conclusions were drawn[2]:
· DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships  across serving cells aggregated by CA 
· At least for LBE, some signal(s) can be transmitted by eNB between the time eNB is permitted to transmit and the start of data transmission at least to reserve the channel
· This does not imply the data transmission can start only at the subframe boundary
· Possible restriction on starting position of data transmission can be considered
· The duration of this signals(s) is part of the maximum transmission duration

· The content/additional function/duration of this signal is FFS

· This does not imply network synchronization

The introduction of this reservation signal may have impact on the existing LTE frame structure, e.g. fractional subframe issue. In this contribution, we share our views on fractional subframe transmission for LBE-based LAA.
2. Discussion
2.1. Existence of Fractional Subframe
To ensure fair coexistence between LAA and WiFi and between LAA nodes, minimize interference and maximize the spectral efficiency, coexistence mechanisms (e.g. Listen Before Talk (LBT)) play a very important role in LAA deployment. For example, Frame based equipment (FBE) and Load based equipment (LBE) is defined for LBT requirements in Europe [3]. 
Generally speaking, FBE has a fixed frame period and the clear channel access (CCA) is performed once every fixed time instant.  For LBE, the CCA could happen at any time, and extended CCA (ECCA) will be performed after CCA when the channel is sensed busy which is similar to the WiFi random access protocol without an exponential increasing window size. Due to more opportunities to perform channel access, LBE potentially use channel resources more efficiently than FBE. LBE is briefly illustrated in Figure1.
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Figure1.
 Load Based Equipment
One of the advantages of LBE over FBE is that for LBE, CCA can be started at any time as long as the equipment has data to transmit. To fully take advantage of this, the LAA equipment should be allowed to start CCA at any time, without any restriction such as starting CCA at the subframe boundary or at the OFDM symbol boundary.
Before data transmission, the equipment needs to perform CCA, and ECCA if the channel is not available. Due to the random nature of the interference on the unlicensed carrier and a CCA observation time of at least 20 us, the CCA or ECCA could succeed at any time like Figure2 shows. Typically, once the CCA or ECCA succeeds, the equipment could perform data transmission immediately. However, according the existing LTE mechanism, there may be a gap between the time the equipment is permitted to transmit and the start of data transmssion (e.g. subframe boundary). The gap is always smaller than a TTI and corresponds to the fractional subframe in figure 2.
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Figure2.
 Fractional Subframe Issue
Therefore, some signal(s), e.g. preamble, should be transmitted for the equipment to reserve the channle in case other WiFi or LAA nodes sense the the channel free and start their own transmission. It is possible to continue the preamble transmission until the subframe boundary and then start the data transmission, as proposed in [4]. However, because the preamble transmission does not carry any data, this would result in lower spectral efficiency. It is possible to transmit data after the short preamble in the fractional subframe to increase spectral efficiency as proposed in [5]. However, since (E)CCA could succeed at any time, if there are very few OFDM symbols could be used for data transmission in the fractional subframe, the benefit, e.g. increasing spectral efficiency, will be extremely limited. 
2.2. How to Use Fractional Subframe
From the above analysis, it is clear that fractional subframe transmission with or without data have their own pros and cons. It is needed to introduce a new method which can transmit data in fractional subframe adaptively under certain conditions. 
An example is presented in Figure 3 and Figure 4. In this example, symbol #9 boundary is defined as the threshold which is introduced as the condition to decide if data is to be transmitted in fractional subframe. 
In Figure 3, the equipment performs (E)CCA and finds the channel available at symbol #2. It transmits a preamble till the symbol #2 boundary to grab the channel and align the symbol boundary. Obviously, the exact location where (E)CCA succeeds is before the predefined threshold. Hence, in this case, the equipment also transmits some other signals, e.g. synchronous signals to facilitate synchronization. After that, the equipment transmits some data-related control signals and then transmits data in subsequent symbols of fractional subframe.
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Figure3.
 Fractional Subframe Transmission with Data
In Figure 4, the equipment performs (E)CCA and finds the channel available at symbol #12. As mentioned before, it also transmits a preamble till the symbol #12 boundary to grab the channel and align the symbol boundary. Differently, in this case, the exact location where (E)CCA succeeds is after the predefined threshold. Therefore, the equipment will not transmit data in fractional subframe. Some other signals, e.g. synchronous signals, may be transmitted to facilitate synchronization in the rest of fractional subframe if needed.
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Figure4.
 Fractional Subframe Transmisson without Data
From Figure3 we can roughly estimate that spectral efficiency can improve about 20% maximumly, based on the assumption that the maximum channel occupancy time is 4ms. 
Based on the analysis above, we propose the following: 

Proposal: Whether data transmission is allowed in fractional subframe or not depends on the exact location where (E)CCA succeeds.
· Data transmission will be allowed in fractional subframe when the exact location where (E)CCA succeeds is before the predefined threshold/OFDM symbol;
· Data transmission will not be allowed in fractional subframe when the exact location where (E)CCA succeeds is after the predefined threshold/OFDM symbol;

3. Conclusion
In this contribution, we discusses the potential solutions for fractional subframe transmission for LBE-based LAA. Our proposals are as follows:

Proposal: Whether data transmission is allowed in fractional subframe or not depends on the exact location where (E)CCA succeeds.

· Data transmission will be allowed in fractional subframe when the exact location where (E)CCA succeeds is before the predefined threshold/OFDM symbol;

· Data transmission will not be allowed in fractional subframe when the exact location where (E)CCA succeeds is after the predefined threshold/OFDM symbol;
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