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1 Introduction
With LBE based LBT, the eNB may acquire the channel in the middle of a subframe. In order to improve the transmission efficiency, the following was agreed regarding PDSCH transmission in partial subframes during the LAA ad hoc meeting.

· 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

Assuming CCA can be performed continuously in time (i.e. the eNB may grab the channel at any time instance within a subframe after a successful LBT), there are several alternatives to support PDSCH transmission involving partial subframes [1] – [7].
· Alt1: A transport block transmitted in a partial TTI with duration less than 1 ms

· Alt2: A transport block transmitted in a concatenated TTI (including a partial TTI and a regular 1ms TTI) with duration more than 1 ms, 

· Alt3: A transport block transmitted in a floating TTI of duration 1 ms

Note that the terminology of partial TTI or floating TTI is used in the above alternatives, as discussed partly in email thread “[80b-02] LAA data burst structure email discussion”. In this contribution, we analyze these alternatives from the perspectives of transmission efficiency, eNB processing complexity, UE processing complexity, and potential specification impact.
2 Transmission efficiency
The transmission efficiency of Alt1 depends on the number and possible location(s) of the starting (or ending) OFDM symbol of the partial TTI in a subframe. For the first subframe within a TXOP, assuming N evenly spaced potential starting OFDM symbol locations for PDSCH transmission (including its corresponding control signaling), the average overhead is 7/N OFDM symbols. With N=2, the average overhead of one partial TTI with respect to a TXOP of 4ms is 6.25%. Depending on whether there is limitation on the ending OFDM symbol in the last subframe (which is also a partial TTI) of the TXOP, additional transmission overhead may occur. 
Alt2 is only applicable to the partial TTI in the first subframe of a TXOP. Assuming new TBS is properly designed for the concatenated TTI, the transmission efficiency of Alt2 is similar to Alt1, i.e. depending on the number and possible location(s) of the starting OFDM symbol of the partial TTI in a subframe.
The transmission efficiency of Alt3 depends on the number and possible location(s) of the starting OFDM symbol of the floating TTI in a subframe. Therefore, if possible location(s) of the starting OFDM symbol of the floating TTI is the same as the possible location(s) of the starting OFDM symbol of the partial TTI in a subframe, the transmission efficiency of Alt3 is similar to that of Alt1. However, it will be evident from the discussion below that it is easier to support multiple starting OFDM symbols for PDSCH (which improves the transmission efficiency) with Alt3 than with Alt1.
Observation 1: The transmission efficiency of Alt1 – 3 all depends on the number and possible location(s) of the starting OFDM symbol for PDSCH transmission in a subframe. For the same set of possible starting OFDM symbols, the transmission efficiency of Alt1 – 3 is expected to be similar.
3 eNB processing complexity
For any alternatives, the eNB needs to prepare a PDSCH transmission in advance since it is unknown a priori on the time instance when the eNB can grab the channel after a successful LBT. Note that typically 1 TTI eNB processing time is assumed before a PDSCH transmission [9, section B.2].
For Alt1, the eNB needs to prepare N PDSCH transmissions with possibly N different TBS, where N is the number of possible starting OFDM symbol of the partial TTI in a subframe. Apart from the increased eNB processing complexity in order to prepare N possible PDSCH transmissions, Alt1 may lead to complicated eNB MAC-PHY interface, as explained below. 
For DL data transmission, typically MAC sequentially assigns a certain number of MAC payload bits to be transmitted in a PDSCH for a UE. An example is shown in Figure 1. The number of assigned MAC payload bits for a PDSCH essentially depends on the scheduler decision.
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Figure 1: Example of conventional MAC-PHY interface

Figure 2 shows an example of Alt1 where the value of N=2, i.e. two possible PDSCH with two different TBS need to be prepared by eNB for PDSCH transmission on an LAA SCell. However, since there is no guarantee that the eNB will be able to grab the channel on the LAA SCell, the prepared PDSCH with TBS x1 bits and the prepared PDSCH with TBS x2 bits may not be transmitted on the LAA SCell. If the eNB decides to transmit UE k’s data on another serving cell (e.g. UE k’s PCell) in the next subframe, the MAC-PHY interface will have difficulty to determine the starting point of the remaining MAC data queue, as shown in Figure3. 
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Figure 2: Example of MAC-PHY interface with Alt1

Similar issue of the MAC-PHY interface exists for Alt2 as for Alt1, assuming eNB needs to prepare PDSCH with different TBS for possible transmission in the concatenated TTI. 

On the other hand, Alt3 does not suffer from the MAC-PHY interface difficulty since the eNB only needs to prepare PDSCH with one TBS. If the eNB does not grab the channel on the LAA SCell, the prepared PDSCH can be deferred to a later subframe when the eNB occupies the channel after a successful LBT. In the meantime (i.e. before the eNB gets the channel on the LAA SCell), the remaining MAC data can be transmitted in other serving cells of the UE. If the eNB cannot obtain the channel on the LAA SCell for a certain amount of time, the prepared and yet to be transmitted PDSCH can be transmitted on the UE’s other serving cell (e.g. the PCell).

Observation 2: Compared with Alt3, Alt1 and Alt2 lead to increased eNB processing complexity and difficulty of MAC-PHY interface handling, in order to prepare multiple PDSCH with different TBS for possible transmission on an LAA SCell.
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Figure 3: Difficult for MAC-PHY interface of Alt1
4 UE processing complexity
In order for the UE to receive the PDSCH transmission using either alternative, the UE needs to know the starting OFDM symbol of the PDSCH. There are many different ways to serve this purpose, e.g.
· UE implicitly derives the starting OFDM symbol for PDSCH via detecting some specified initial signal

This requires the UE to monitor the initial signal at every possible starting OFDM location within a subframe. Furthermore, the design of the initial signal shall guarantee reliable detection if the initial signal.

· UE implicitly derives the starting OFDM symbol for PDSCH via (E)PDCCH blind decoding

This requires the UE to blind decode (E)PDCCH starting from different OFDM symbols within a subframe. 

· UE derives the starting OFDM symbol via explicit signaling transmitted by the eNB

The explicit signaling can be transmitted in the DL grant scheduling the corresponding PDSCH. Alternatively, some other channels/signals can bear this explicit signaling. If the (E)PDCCH containing the DL grant is transmitted in the subframe next to the one in which PDSCH transmission starts, the UE needs to buffer more than 1ms of data in order to receive the PDSCH.
Overall, any of the above can be equally applicable for either alternative. Further down selection among the methods for a UE to determine the PDSCH starting OFDM symbol can be left to the WI phase.
Observation 3: Any method to allow the UE to determine the starting OFDM symbol for PDSCH within a subframe is equally applicable to Alt1 – Alt3. Given a method to determine the starting OFDM symbol for PDSCH within a subframe, the UE processing complexity is expected to be similar for Alt1 – Alt3. 

5 Potential specification impact
The common areas to be specified for Alt1 – Alt3 include but not limited to:
· The set of possible starting OFDM symbols for PDSCH transmission within a subframe
· The PDSCH demodulation reference signal design
· The PDSCH mapping to REs

· Method for a UE to determine the starting OFDM symbol for PDSCH within a subframe

· Corresponding control channel design and its mapping to REs

In addition, the following areas need to be specified for Alt2:

· New TBS table for Alt2

Observation 4: Alt1 – Alt3 requires many common specification areas, while Alt2 additionally requires definition of new TBS table.
6 Conclusions
In this contribution, we compare the following three alternatives for PDSCH transmission in LAA DL, subject to LBE based LBT.
· Alt1: A transport block transmitted in a partial TTI with duration less than 1 ms

· Alt2: A transport block transmitted in a concatenated TTI (including a partial TTI and a regular 1ms TTI) with duration more than 1 ms, 

· Alt3: A transport block transmitted in a floating TTI of duration 1 ms

Based on the analysis in this contribution, the following observations are made:

Observation 1: The transmission efficiency of Alt1 – 3 all depends on the number and possible location(s) of the starting OFDM symbol for PDSCH transmission in a subframe. For the same set of possible starting OFDM symbols, the transmission efficiency of Alt1 – 3 is expected to be similar.
Observation 2: Compared with Alt3, Alt1 and Alt2 lead to increased eNB processing complexity and difficulty of MAC-PHY interface handling, in order to prepare multiple PDSCH with different TBS for possible transmission on an LAA SCell.

Observation 3: Any method to allow the UE to determine the starting OFDM symbol for PDSCH within a subframe is equally applicable to Alt1 – Alt3. Given a method to determine the starting OFDM symbol for PDSCH within a subframe, the UE processing complexity is expected to be similar for Alt1 – Alt3. 
Observation 4: Alt1 – Alt3 requires many common specification areas, while Alt2 additionally requires definition of new TBS table.

Based on the above observation, the following is proposed:

Proposal 1: “Alt 2: A transport block transmitted in a concatenated TTI (including a partial TTI and a regular 1ms TTI) with duration more than 1 ms” is not recommended for LAA DL transmission subject to LBE based LBT.

Proposal 2: “Alt 1: A transport block transmitted in a partial TTI with duration less than 1 ms” is not recommended for LAA DL transmission subject to LBE based LBT.

Proposal 3: “Alt3: A transport block transmitted in a floating TTI of duration 1 ms” is recommended for LAA DL transmission subject to LBE based LBT.

Proposal 4: Capture the three alternatives in the TR as possible LAA DL transmission methods and capture the above recommendations in the TR.
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