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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
[bookmark: _GoBack]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 #80b meeting, extensive discussions on discontinuous transmission were performed, and the following conclusions were agreed [2]:
· It is a design target that the following signals or combination of the following signals can provide functionality for the UE’s time/frequency synchronization for the reception of a DL transmission burst in LAA SCell(s)
· serving cell’s DRS for RRM measurement
· Note that DRS for RRM measurement can be used at least for coarse time/frequency synchronization
· Reference signals imbedded within DL transmission bursts (e.g. CRS and/or DMRS)
· If there is an additional reference signal, this signal can be used
· Note that Reference signals can be used at least for fine time/frequency synchronization
· FFS: Other candidates (e.g., initial signal, DRS)
· FFS if other mechanism or signals (e.g., initial signal, DRS) for time/frequency synchronization is necessary to support reception of DL transmission burst

In this contribution, we will discuss the fractional subframe transmission at the beginning of a discontinuous LAA downlink transmission, when LBT is applied in LAA.
2. Discussion on the fractional subframe transmission
2.1. Existence of Fractional Subframe for LAA with LBT
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 very important role in LAA deployment. For example, Frame based equipment (FBE) and Load based equipment (LBE) are defined for LBT in the regulation of Europe [3]. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]According to LBT mechanism, before data transmission, the equipment needs to perform CCA for both LBE and FBE, and ECCA for LBE if the channel is not available. For LBE, 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 as shown in Figure 2. Once the CCA or ECCA succeeds, the equipment could perform data transmission immediately. However, according the existing LTE mechanism with 1ms subframe transmission design, there may be a period with less than 1ms between the time the equipment is permitted to transmit and the start of a full subframe transmssion (e.g. subframe boundary). The gap is corresponds to the fractional subframe, as illustrated Figure 1. For FBE, whether such fractional subframe exist depends on where the CCA locates. If the CCA starts from the subframe boundary, it will occupy part of the resources of a whole subframe, which will induce the fractional subframe.


Figure1.	 Fractional Subframe Issue
2.2. Discussion on possible structure of fractional subframe
Since CA structure is considered, the Scell is syncronized with Pcell. As illustrated in Figure 1, for LBE, considering that a CCA success may be possible at any time, it may induce a part of resource which is less than one OFDM symbol. For this part of OFDM symbol resource, some reservation signal may need to be transmitted for the equipment to reserve the channel, so as to avoid other WiFi or LAA nodes occupy the channel. After that, if there are still some OFDM symbols lefted before the next subframe boundary, some symbol(s) with can be transmitted for assisting the UE receiving and other eNBs to do LBT, which is termed as enhanced control informaiton as shown in the Figure2. These symbol(s) can be with functions of syncronization, AGC to assist UE to do fine syncronization and AGC. In addition, the length of this transmission oppotunitiy may also be included in this region for letting UE and other eNBs to know how long will the transmission optunity lasts. Furthermore, since it is agreed that the frequency reuse is possible in LAA, some information that indicating the operator indentification can also be included for assisting LBT of other eNBs. After that, if the left OFDM symbols in the fractional subframe is enough for control information and PDSCH transmission, PDSCH can be transmitted together with the PDCCH for scheduling.
Based on the above analysis, possible structure of fractional subframe illustrates in Figure 2.
Regarding to the PDSCH transmission in such fractional subframe, although it is agreed to transmit PDSCH, whether to transmit PDSCH may depend on how many symbols are available. A flexible way to utilize the variable resources in the fractional subframe is to decide whether to transmit data depending on the length of the fractional subframe. 
For example, the boundary of symbol #9 can be defined as the boundary to decide if data is to be transmitted in fractional subframe or not. Specifically, if the fractional subframe starts before the boundary of symbol #9, data can be transmitted in the fractional subframe. By contrast, if the fractional subframe starts after the boundary of symbol #9, data can be transmitted in the fractional subframe.


Figure2.	 Possible structure of fractional Subframe
Based on the discussion above, we propose that: 
Proposal 1: The fractional subframe may contain the following signals, 1) some reservation signal(s), which is less than one OFDM symbol, 2) enhanced control information for AGC adjustment, fine synchronization, indicating information with operator identification and length of transmission opportunity, etc,  3) PDSCH and the corresponded PDCCH 4) enhanced control information with operator identification.
Proposal 2: Whether data transmission is allowed to be transmitted in fractional subframe or not depends on the exact location where (E)CCA succeeds. A threshold/OFDM symbol location can be defined for the judgement of data transmission in fractional subframe. 
3. Conclusion
In this contribution, we discuss fractional subframe transmission for LAA. Our proposals are as follows:
Proposal 1: The fractional subframe may contain the following signals, 1) some reservation signal(s), which is less than one OFDM symbol, 2) enhanced control information for AGC adjustment, fine synchronization, indicating information with operator identification and length of transmission opportunity, etc,  3) PDSCH and the corresponded PDCCH 4) enhanced control information with operator identification.
Proposal 2: Whether data transmission is allowed to be transmitted in fractional subframe or not depends on the exact location where (E)CCA succeeds. A threshold/OFDM symbol location can be defined for the judgement of data transmission in fractional subframe. 
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