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1. Introduction & Background
In RAN1 #82bis meeting, discussions on the details of LBT procedure and parameter sets, as well as the downlink transmission for LAA were performed, and the following conclusions were agreed [1]:
Agreements:
· Every subframe 0 and 5, when transmitted by the eNB, should contain Rel-12 PSS/SSS/CRS where PSS/SSS/CRS in the LAA DRS is a subset of these signals.

· Number of CRS ports should be the same or higher than the number of CRS ports in the DRS.

· FFS: Partial TTI in SF0 and SF5

· FFS: Changes to scrambling for SSS/CRS 

· Note: A UE is only expected to detect and measure cells transmitting DRS during the configured DRS DMTC window (from RAN2 agreements)

· The PSS/SSS/CRS in LAA DRS is a subset of Rel-12 PSS/SSS/CRS.

· FFS: Changes to scrambling for SSS/CRS
Agreements:
· Adopt one or some of the following options for detecting transmissions (except for partial subframe) from a serving cell:

· Option 1: Initial signal (SSS/PSS) is transmitted before the first data/control OFDM symbol of the DL transmission burst

· Option 2: 1 CRS-port 0 (+ 1) OFDM symbols are transmitted in every subframe
· Option 3: Detecting (E)PDCCH when scheduled
Agreements:
· DL transport block in the last subframe of a DL Tx burst can be transmitted using DwPTS structure, or a full subframe

· FFS how to signal the structure of the last subframe

· FFS whether to define a 13-symbol partial subframe

· FFS whether DwPTS structure with 3 OFDM symbols can be used for the last subframe

· FFS down selection
In this contribution, we further discuss the issues related to the partial subframe transmission, when LBT mechanism is applied in LAA.
2. Discussion on partial subframe transmission 
Partial TTI and floating TTI, which are illustrated in Figure 1, are identified as possible candidates for partial subframe transmission on LAA SCell [2]. 
The benefit of floating TTI is that the current design for normal TTI can be extended with little specification effort. Nonetheless, the HARQ timing relationship between floating TTI as LAA Scell transmission and the normal TTI in Pcell needs to be carefully linked. Another issue that needs to be determined is whether the DRS are also floated is the DRS is transmitted together with PDSCH. Besides, even when floating TTI is adopted, the partial TTI may still be necessary when the length of downlink transmission burst is not integer of milliseconds.  
If the partial TTI is adopted in the downlink transmission without floating TTI, the issues of floating TTI, e.g., HARQ timing, and simultaneous transmission of PDSCH and DRS, can be eliminated. The design of partial TTI may also be simplified by reusing existing design. For example, partial TTI can re-use the DwPTS design in LTE. 
According to the above analysis, it is suggested to support partial TTI for the partial subframe transmission that is caused by LBT. Moreover, partial TTI may contain several available OFDM symbols, or even more than one slot, which depends on the successful time of CCA. Thus it is suggested to design partial TTI with PDSCH transmission, in order to improve transmission efficiency. Since the eNB needs to prepare for the TB for partial TTI transmission in advance of the CCA successful, it may be necessary to restrict the possible partial TTI length to limited candidates, so as to save the effort for eNB on TB pre-processing. 

Proposal 1: It is suggested to design partial TTI with PDSCH transmission, in order to improve transmission efficiency. In addition, it may be necessary to restrict the possible partial TTI length to limited candidates, so as to save the effort for eNB on TB pre-processing. 
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Figure1.
 Illustration of partial TTI and floating TTI 
3. Discussion on partial TTI design
Regarding to the partial TTI design, the following remaining issues need to be further discussed. 
· First partial TTI transmission in the SF0 or SF5 
It was concluded that, every subframe 0 and 5 for normal subframe, when transmitted by the eNB, should contain Rel-12 PSS/SSS/CRS where PSS/SSS/CRS in the LAA DRS is a subset of these signals, however, the first partial TTI transmission in SF0 and SF5 are FFS. 

The beginning of first partial TTI depends on the CCA process and may start from several OFDM symbol positions under the LBT Cat4 channel access framework. If partial TTI happens in SF0 or SF5, the R12 PSS/SSS transmission cannot be assured when the partial TTI starts from OFDM symbol #6 or the second slot of the suframe. Considering unified partial TTI design, it is suggested that the R12 PSS/SSS is not transmitted in the partial TTI in SF0 and SF5. In this case, the synchronization to the unlicensed carrier at least can be caught from other PSS/SSS sequence in normal subframes in SF0 and SF5, or from the LAA DRS, with the assistance of CRS for tracking. 
Proposal 2: Considering unified partial TTI design, it is suggested that the R12 PSS/SSS is not transmitted in the partial TTI in SF0 and SF5.
· Detecting of First partial TTI transmission 
For normal subframes on the unlicensed carrier, three options could be considered for detecting the downlink transmissions, i.e., based on intial signal (SSS/PSS), CRS-port 0(+1) OFDM symbols, or the (E)PDCCH when scheduled. It seems that initial signal (SSS/PSS) transmitted before the first data/control OFDM symbol of the DL transmission burst is beneficial for the partial TTI detection by reducing the complexity of UE, the initial signal is suggested to be transmitted before the PDCCH/PDSCH transmission in the partial TTI. In order to simplify the partial TTI design, the DL transport block in the first partial TTI can be transmitted using shifting DwPTS structure, by down selecting 2~3 DwPTS configurations, e.g., DwPTS with 6 and 9 OFDM symbols. 
Proposal 3: Initial signal transmitted before the first control/data OFDM symbol of DL transmission burst is beneficial for the partial TTI detection, and DL transport block in the partial TTI can be transmitted using shifting DwPTS structure.
· DL transmission in the last subframe
It is observed from Figure 1 that, partial TTI can also happen in the last subframe due to the limitation of TXOP in LAA DL transmission. It has been agreed in the last meeting that, DL transport block in the last subframe of a DL Tx burst can be transmitted using DwPTS structure, or a full subframe. Although the last subframe might terminate at any OFDM symbol due to the LBT and limited length of TXOP, in order to reduce specification efforts, it is suggest to reuse the legacy DwPTS configurations without introducing other additional DwPTS configurations (e.g., 13-symbol partial subframe). 
One special case is whether DwPTS structure with 3 OFDM symbols can be used for the last subframe. In the legacy DwPTS configuration with 3:10:1 or 3:9:2, DwPTS consists of 2-symbol PDCCH with the PHICH and 1-symbol PSS sequence, and no PDSCH is transmitted. However, with asynchronous HARQ on LAA UL, the UE would depend on the UL grant for UL (re)transmissions and therefore the use of PHICH on LAA Scell is not necessary [3]. Additionally, 1-symbol PSS sequence transmission in the last subframe on the unlicensed Scell also seems to be unnecessary for the DL only transmission. Therefore, DwPTS structure with 3 OFDM symbols is unnecessary to be used for the last subframe. Then the applicable DwPTS configurations include 6, 9, 10, 11, 12 OFDM symbols. 
Another issue is how to indicate the DwPTS configuration to the UE. As analyzed above, there are 5 DwPTS configurations can be chosen, which needs 3-bit indication, and is a cell-specific parameter. Considering that LAA Scell does not need to transmit paging, SIBs and RAR, then the common search space in PDCCH of LAA Scell can be omitted for sake of saving resources. If the cell-specific DwPTS configuration is added in user-specific DCI, the overhead would be non-neglectable. According to the above analysis, it is suggested to add the DwPTS configuration signaling in the common search space of Pcell, e.g., DCI format 1C.    
Proposal 4: It is suggested to reuse legacy DwPTS configurations as much as possible and not to introduce additional DwPTS configuration, while DwPTS structure with 3 OFDM symbols is unnecessary to be used for the last partial TTI.
Proposal 5: Signaling the DwPTS configuration from common search space (CSS) on the licensed Pcell is preferred by modifying the existing DCI Format. 
4. Conclusions
In this contribution, we discuss issues related to the partial subframe transmission for LAA. Our proposals are as follows:

Proposal 1: It is suggested to design partial TTI with PDSCH transmission, in order to improve transmission efficiency. In addition, it may be necessary to restrict the possible partial TTI length to limited candidates, so as to save the effort for eNB on TB pre-processing. 

Proposal 2: Considering unified partial TTI design, it is suggested that the R12 PSS/SSS is not transmitted in the partial TTI in SF0 and SF5.

Proposal 3: Initial signal transmitted before the first control/data OFDM symbol of DL transmission burst is beneficial for the partial TTI detection, and DL transport block in the partial TTI can be transmitted using shifting DwPTS structure.

Proposal 4: It is suggested to reuse legacy DwPTS configurations as much as possible and not to introduce additional DwPTS configuration, while DwPTS structure with 3 OFDM symbols is unnecessary to be used for the last partial TTI.
Proposal 5: Signaling the DwPTS configuration from common search space (CSS) on the licensed Pcell is preferred by modifying the existing DCI Format. 
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