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1. Introduction & Background
In RAN#68, a new Work Item “Licensed-Assisted Access to Unlicensed Spectrum” was approved [1], which aims to specify LTE enhancements for a single global solution framework for licensed-assisted access to unlicensed spectrum which enables operation of LTE in the 5GHz unlicensed spectrum for low power secondary cells based on regional regulatory power limits using carrier aggregation. According to [1], the objectives of this WI are to specify support for the following functionalities:
· Channel access framework including clear channel assessment 
· Discontinuous transmission with limited maximum transmission duration
· UE support for carrier selection
· UE support for RRM measurements including cell identification
· AGC, coarse and fine time and frequency synchronization
· Channel-State Information (CSI) measurement, including channel and interference
In this contribution, we will discuss the issues related to discontinuous LAA Scell downlink transmission, when LBT is applied in LAA.
2. Discussion on the design for fractional subframe
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. According to the study of LAA during the SI, the Category 4 LBT scheme in [2] is recommended as baseline. 
According to Category 4 LBT mechanism, before data transmission, the equipment needs to perform initial CCA (ICCA), and extended CCA (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 ICCA or ECCA could succeed at any time as shown in Figure 2. Once the CCA 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. 
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Figure1.
 Fractional Subframe Issue
2.2. Discussion on the design for fractional subframe 
Since CA structure is considered, the Scell is syncronized with Pcell. As illustrated in Figure 1, 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. After that, some syncronization signal is suggested to be transmitted, so as to enable UE to perform fine syncronization, AGC and reduce the complexity of UE for blind detecting the start of the DL transmission burst. It is suggested to reuse the PSS and SSS sequences in current specification to reduce the efforts, while perform some modifications on the possible locations. One possible solution is to let the PSS and SSS in the same OFDM symbols, with multiple duplications in frequency domain. 
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. Considering that the information of length of DL transmission burst is benefit for UE, in terms of reducing the blinde detection of PDCCH, identifying the location of RS for CSI measurement, it is suggest to add the information related to the length of the DL transmission burst in the control region in the partial subframe. 
Proposal 1: Before the DL traffic transmission at the start of the DL data burst, some synchronization signal is suggested to be transmitted, to enable UE to perform fine synchronization, AGC and reduce the complexity of UE for blind detecting the start of the DL transmission burst. 
Proposal 2: It is suggest to add the information related to the length of the DL transmission burst in the control region in the partial subframe.
2.3. Discussion on scheduling issue for PDSCH transmission
One important issue related to fractional subframe transmission is the DCI transmission for DL scheduling of the PDSCH in fractional subframe. Two possible DCI transmission candidates for PDSCH transmission in fractional subframe include 1) Option 1, self-subframe scheduling, 2) Option 2, cross-subframe scheduling, as shown in Fig. 3 and Fig. 4.
In Option 1, for self-subframe scheduling, the fractional subframe contains both PDSCH and PDCCH. The benefit is that this option can be support without specification modification. Nonetheless, when the fractional subframe contains few OFDM symbols, if it still contains PDCCH, the resource remained for PDSCH would be limited.
In Option 2, for cross-subframe scheduling, the control information for the fractional subframe is located in the PDCCH of the latter subframe. Two possible ways for such scheduling are a) using one joint DCI to schedule the partial subframe and full subframe, and b) using two separate DCI to schedule the partial subframe and full subframe independently. The joint DCI can save the DL control overhead, while will involving more effort on the DCI design and may also involve larger TBS design. The separate DCIs may require more DCI overhead, but with limited specification effort, e.g., indication of the scheduled subframe. 
Comparing Option 1 and Option 2, the later scheduling mechanism may require more the buffer size in UE to storage received information of two continuous subframes, and the number of scheduled UEs in the normal subframe may be limited by the Option 2. Both Option1 and Option 2 are suggested to be supported for the flexibility to choose which one to use.
Proposal 3: Both self-subframe scheduling and cross-subframe scheduling are suggested to be supported.
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Figure3.
 Self-subframe scheduling illustration for fractional subframe
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Figure4.
 Cross-subframe scheduling illustration for fractional subframe
3. Conclusions
In this contribution, we discuss discontinuous transmission for LAA. Our proposals are as follows:

Proposal 1: Before the DL traffic transmission at the start of the DL data burst, some synchronization signal is suggested to be transmitted, to enable UE to perform fine synchronization, AGC and reduce the complexity of UE for blind detecting the start of the DL transmission burst. 

Proposal 2: It is suggest to add the information related to the length of the DL transmission burst in the control region in the partial subframe.
Proposal 3: Both self-subframe scheduling and cross-subframe scheduling are suggested to be supported.
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