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For the LAA PDSCH subframes, it was agreed in RAN1 #82 [1]:
· The following option is excluded for PDSCH transmission in a DL subframe on a LAA SCell
· Option 2: A DL transport block is transmitted on a subset of the OFDM symbols in the DL subframe and all OFDM symbols in the next or the previous subframe (i.e. Super TTI)
· Further study on the following options for PDSCH transmission in a DL subframe on a LAA SCell considering spectrum efficiency, eNB/UE complexity, etc
· Option 1: A DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe (i.e. Partial TTI)
· Option 3: A DL transport block is transmitted on a subset of OFDM symbols in the DL subframe and a subset of the OFDM symbols in the next or the previous subframe within a TTI less than or equal to 1ms or in a subset or all OFDM symbols in one subframe (i.e. Floating TTI)

For LAA DRS, it was agreed in RAN1 #82 [1]:
· Subject to LBT, allow the DRS without PDSCH to be transmitted in one of different time positions within the configured DMTC where the DMTC timing is relative to the PCell timing. In this case,
· Duration of the signals in the DRS (which doesn’t include potential initial signal) is less than 1 ms (a single idle sensing interval is used for the LBT procedure prior to transmission of the DRS)
· FFS: Duration of the DRS occasions when the duration is less than 1 ms
· FFS: case where duration of the signal in DRS is 1 ms or longer
· Allow DRS transmission in subframe other than #0 and #5
· Position of DRS in a subframe is the same for all candidate subframes in the DMTC
· Following alternatives can be considered for sequence generation for SSS/RS in subframes with DRS
· Alt. 1: Generate SSS/RS sequences according to the subframe index of DRS
· Alt. 2: Generate SSS/RS sequences irrespective of the subframe index of DRS
· FFS: other alternatives

This contribution discusses the downlink subframe timing for LAA. It first discusses the subframe timing of Option 3 for a downlink burst without DRS, and then discusses the subframe timing for a downlink burst with DRS. The transient time between a downlink burst with DRS and a downlink burst without DRS is also discussed.
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LAA downlink subframe timing
Flexible 1 ms TTI for a downlink burst without DRS
A flexible 1 ms DL TTI for a downlink burst without DRS, i.e. Option 3 for PDSCH subframe, is given in Fig.1, where non-DRS transmission uses the subframe timing subject to LBT with exactly the SAME pattern (i.e. resource mapping) as Rel-12. The OFDM symbol timing is aligned between the PCell and SCell to reduce the UE complexity of detecting the start of the downlink data. 
It should be noted that for each TTI of the same downlink burst, the subframe start timing is aligned with the only exception of a DL TTI potentially shorter than 1 ms for the last subframe of the DL transmission burst. For two different downlink bursts, the subframe start timing would be not aligned with each other depending on the time the eNB succeeds in LBT.
Option 3 may have the advantage in terms of minimal eNB/UE complexity as well as minimal specification impact. The legacy 1ms TTI is kept and the eNB can perform the data preparation always on a basis of 1ms while the UE is expected to receive/decode PDSCH with the same assumption. In addition, Option 3 has the potential of optimum spectrum efficiency as it does not necessarily result in the restriction of the starting positions, while it was shown that a spectrum efficiency loss up to 25% could be caused if the restriction is introduced [4]. If a preamble is transmitted at the start of each downlink transmission burst [2], the UE does not need to blind detect PDCCH/E-PDCCH. It should be noted that a preamble could also be used for synchronization in addition to the indication of a downlink burst.
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Figure 1. A downlink burst without DRS uses a flexible 1ms DL TTI (dashed line) with no restriction on the starting OFDM symbol of the DL TTI. LBE based LBT results in the transmission start time not necessarily aligned with a PCell subframe.

Proposal 1: For a downlink burst without DRS, LAA supports Option 3 with no restriction on the starting OFDM symbol of the DL TTI.
· The OFDM symbol timing is aligned between the PCell and SCell as in CA. The TTI is always 1ms with the exception of a DL TTI potentially shorter than 1 ms for the last subframe of a DL transmission burst. 
· Within a 1 ms DL TTI on the LAA SCell, the position of signals and channels is based on legacy LTE as if the starting time of the 1 ms DL TTI was the start of a subframe. 
· To alleviate UE blind detection complexity, a preamble is transmitted at the start of each downlink transmission burst. 

Fixed TTI for a downlink burst with DRS
Discovery reference signals could be used for providing essential functionalities, like RRM measurement including cell identification. As DRS transmission is also subject to LBT, it was therefore discussed in RAN1 that the LBT mechanism could be enhanced for DRS to ensure there are more opportunities for DRS transmission, where DRS specific LBT (e.g. Frame Based Equipment (FBE) based LBT or a modified LBE based LBT) for DRS within the DMTC window is proposed to allow more eNBs transmit DRS simultaneously [3].
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Figure 2. A downlink burst with DRS (with or without PDSCH) uses a fixed TTI where TTI timing is aligned between the PCell and SCell as in CA. DRS specific LBT results in the transmission start time always aligned with a PCell subframe.

As DRS specific LBT is assumed for DRS transmission, it would be therefore clean to use the same LBT mechanism for all the downlink bursts which contain DRS (DRS only or DRS with PDSCH), as illustrated in Fig.2. A downlink burst may not use the entire 1ms of the fixed TTI, especially for the DRS only case [1]. It seems reasonable to assume 1ms duration of the fixed TTI is always occupied when DRS is multiplexed with PDSCH in the downlink burst to avoid additional complexity of eNB/UE processing. Fixed TTI for DRS allows a constant DRS position in a subframe aligned with PCell which helps the UE to derive time synchronization based on a subframe level from DRS.
Proposal 2: For a downlink burst with DRS, LAA uses a fixed TTI where TTI starting time is aligned between the PCell and SCell as in CA. 

The transient time at the start of the DMTC window
Since a downlink burst without DRS may use a flexible 1 ms TTI while a downlink burst with DRS may use a fixed TTI, the transient time between these two types of downlink bursts should be discussed. 
As illustrated in Fig.3, a downlink burst transmitted from eNB1 spanning into the DMTC window may cause DRS specific LBT CCA check failure for several times from other eNB especially in a synchronized network, which may significantly reduce the DRS transmission probability. Even the eNB with ongoing PDSCH transmission (e.g. eNB1 in Fig.3) is allowed to multiplex DRS, it would be inefficient for DRS transmission without stopping the data burst as it may block the CCA attempt from other eNBs.   
Considering the essential functionalities provided by DRS, it would be therefore efficient to stop the downlink burst starting closely before the DMTC window at a certain time T0 before the DMTC window, where T0 could be the idle sensing period of DRS specific LBT. Such an empty period allows CCA success from multiple eNBs, as illustrated in Fig. 4. Since a downlink burst starting before the DMTC window is not to span into the DMTC window, it is not able to contain DRS, which means a downlink burst with DRS only starts within the DMTC window.
Proposal 3: A downlink burst starting at a time before the DMTC window stops at a certain time T0 before the DMTC window, where T0 could be the idle sensing period of DRS specific LBT. A downlink burst with DRS only starts within the DMTC window.
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Figure 3. A downlink burst from eNB1 spanning into the DMTC window makes the CCA failures for eNB2 and eNB3
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Figure 4. A downlink burst from eNB1 stopping T0 before the DMTC window makes the CCA success for eNB2 and eNB3

Conclusions
It is beneficial to support data transmission immediately after the CCA procedure has succeeded in terms of spectral efficiency and reduced delay. As LBE based LBT results in a flexible starting time, a flexible DL 1ms DL TTI is proposed for a downlink burst without DRS. For a downlink burst with DRS, a fixed TTI is proposed to suit DRS specific LBT and also for purpose of subframe synchronization based DRS. Operation during the transient time at the start of the DMTC window is also proposed.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: For a downlink burst without DRS, LAA supports Option 3 with no restriction on the starting OFDM symbol of the DL TTI.
· The OFDM symbol timing is aligned between the PCell and SCell as in CA. The TTI is always 1ms with the exception of a DL TTI potentially shorter than 1 ms for the last subframe of a DL transmission burst. 
· Within a 1 ms DL TTI on the LAA SCell, the position of signals and channels is based on legacy LTE as if the starting time of the 1 ms DL TTI was the start of a subframe. 
· To alleviate UE blind detection complexity, a preamble is transmitted at the start of each downlink transmission burst. 

Proposal 2: For a downlink burst with DRS, LAA uses a fixed TTI where TTI starting time is aligned between the PCell and SCell as in CA. 
Proposal 3: A downlink burst starting at a time before the DMTC window stops at a certain time T0 before the DMTC window, where T0 could be the idle sensing period of DRS specific LBT. A downlink burst with DRS only starts within the DMTC window.
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