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1 Introduction
In RAN1 ad-hoc meeting [1], following agreements have been reached on how to support DL transmission in a partial subframe. 
Agreements:
· LAA supports transmitting PDSCH when not all OFDM symbols are available for transmission in a subframe according to LBT, also support delivering necessary control information for the PDSCH
· FFS starting/ending OFDM symbols of the PDSCH
And also, in last RAN1#80bis, there were intensive discussions related to DL transmission burst for LAA by [2]-[5]. The possible options are as following:

· Option 1: Variable TTI length with end position aligned to the subframe boundary of PCell 

· Option 2: Fixed TTI length of 1 ms with floating subframe
In this contribution, we discuss the start and end position of DL transmission in LAA and finally provides our proposals.
2 Start and end position of DL transmission
According to ETSI specification [6], there have been two different categories of LBT saying FBE and LBE, and within LBE-LBT, it has been further classified into two categories having fixed contention window or variable contention window as agreed in [7]. Especially for LBT category 3/4, it may be considered that DL transmission start/end OFDM symbol within a subframe can vary due to random property of channel occupancy by eNB. And even for LBT category 2, similar situation may happen in last subframe of DL transmission burst. There are two alternatives including variable TTI length and fixed TTI length (e.g. 1ms) on how to determine start/end position of DL transmission considering eNB/UE complexity, spectral efficiency, specification impacts and etc.
2.1 Variable TTI length
For this alternative, the limited numbers of start/end symbols (e.g. 2, 3 or 4) of DL transmission in a subframe can make eNB/UE implementation/specification impacts feasible, compared to the option using any OFDM symbol. It may also provide better spectral efficiency by using DL resources in a subframe as much as possible, compared to the option using subframe boundary only. It may provide good trade-off between performance and complexity. However, it is not still clear whether eNB can perfectly prepare and transmit DL transmission on time or not, because the eNB operation for DL transmission would be dependent on eNB processing capability, channel access time in a subframe, number of candidate start/end symbols and number of DL signals and channels in a subframe. 
Given that eNB operation with variable TTI lengths in a subframe is clarified, further details can be discussed as followings:

· How many start/end symbols needs to be defined

· Considering eNB/UE implementation impacts and spectral efficiency, it can be selected among 2, 3 or 4. 

· Which OFDM symbol indices have to be used

· Since partial TTI in a subframe is not new as referred to DwPTS in TDD for DL transmission, we can reuse many parts from DwPTS in a special subframe when we decide the candidate OFDM symbol indices for start/end position of DL transmission in a subframe. As seen Table 1, it can be the candidate symbol indices according to the number of OFDM symbols for start/end symbols in a subframe.
Table 1: Example of candidate OFDM symbol indices for DL transmission in a partial subframe
	Number of candidate OFDM symbol indices
	OFDM symbol indices

	2
	3, 8

	3
	3, 8, 11

	4
	3, 5, 8, 11


· Whether above discussions are independently defined per a LTE channel (e.g. PDSCH/EPDCCH)

· One thing is whether the selected number and symbol indices are commonly applied for all LTE channel or not. At this time it is not clear how much gain would be provided when it is separately defined per each channel yet. So, it needs to be further discussed.
· LTE channel in partial TTI

· Depending on length of partial TTI in a subframe, PDSCH/EPDCCH may not be transmitted but, PDCCH can be transmitted in that subframe where for example there are a few number of OFDM symbols (e.g. less than 3 OFDM symbols) in partial TTI. So, this aspect needs to be discussed if LTE channel is allocated within partial TTI.
· How the UE identifies DL transmission burst start/end symbol in a subframe.  
· Alt 1. eNB explicitly indicates the start/end symbol index by (E)PDCCH in following subframe.

· This alternative will result in large amount of buffering at UE side before (E)PDCCH is decoded. 
· Alt 2. UE blindly detects the start/end symbol index in a subframe
· In self-scheduling case, there could be several sub-options for blind detection that UE can blindly detect initial signaling for start position, and for end position, it can be determined with maximum channel occupancy time (by pre-determination or RRC configuration) and detected start position as shown in Figure 1. In the other sub-option, UE can blindly monitor (E)PDCCH based on possible candidate symbol indices with CRC check or the energy detection of CRS/DMRS in the subframe.
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Figure 1: Example of start/end position of DL transmission in LBE-LAA (DL only, 4ms maximum channel occupancy time)
· In cross-carrier scheduling case, similar with Alt 2 in above, UE may have to blindly detect the energy of CRS/DMRS to decide the start/end symbol of DL transmission in a subframe. It seems this energy detection may not provide robust detection of start/end position in a subframe. Alternatively, common DCI transmitted in scheduling cell that is probably licensed carrier can indicate it. It will result in buffering issue at UE side.
Proposal 1: For partial subframe, it can be considered to support variable TTI length using limited number of OFDM symbol indices in a subframe

· The number of candidate OFDM symbols is selected among {2, 3, 4}.

· The number of OFDM symbols for PDSCH in DwPTS in TDD is considered when deciding candidate OFDM symbol indices within a subframe.

· In at least self-scheduling, blind detection for detecting start/end position of DL transmission is preferred by UE. For cross-carrier scheduling, it is FFS.

· Depending on length of partial TTI in a subframe, PDSCH/(E)PDCCH is not transmitted within partial TTI.

2.2 Fixed TTI length
It has been proposed in [5] that DL transmission can be performed at any OFDM symbol in a subframe after eNB immediately occupy the channel and the length of each PDSCH transmission is 1ms as a fixed TTI length, while subframe boundary of the LAA SCell is aligned with subject to allowed timing difference due to MTA. In addition, RE mapping of RSs and PDCCH region is same as subframe on licensed carrier (e.g. PCell) and DL HARQ timing is dependent on the subframe that contain last OFDM symbol allocating PDSCH transmission.
One of main advantage from this alternative is that eNB could always prepare the PDSCH for a whole subframe of 1ms and thus, there could be only one version of preparation of data transmission at eNB side. It may also provide better spectral efficiency than that of variable TTI length even though its additional performance gain may be marginal. 
There may be potential UE implementation impacts with this alternative. One thing is related to channel estimation block design for DMRS based PDSCH demodulation. Even if position of reference signals in LAA SCell is aligned with the subframe on PCell, it could cause totally different UE implementation for that. There may be something more that need to be clarified, for example miss-matching problem between CSI measurement and PDSCH scheduling, EPDCCH/MBSFN configuration and so on. 
Proposal 2: It can be also further considered how to support PDSCH/(E)PDCCH transmission with fixed TTI length.
3 Conclusion

In this contribution, we discussed potential issues and solutions for the channel access schemes. The above discussion is summarized with the following proposals:
Proposal 1: For partial subframe, it can be considered to support variable TTI length using limited number of OFDM symbol indices in a subframe

· The number of candidate OFDM symbols is selected among {2, 3, 4}.

· The number of OFDM symbols for PDSCH in DwPTS in TDD is considered when deciding candidate OFDM symbol indices within a subframe.

· In at least self-scheduling, blind detection for detecting start/end position of DL transmission is preferred by UE. For cross-carrier scheduling, it is FFS.

· Depending on length of partial TTI in a subframe, PDSCH/(E)PDCCH is not transmitted within partial TTI.

Proposal 2: It can be also further considered how to support PDSCH/(E)PDCCH transmission with fixed TTI length.
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