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1. Introduction
In order to improve the transmission efficiency, LAA supports transmitting PDSCH when not all OFDM symbols are available for transmission in a subframe according to LBT. In RAN1 82 meeting, the following were agreed regarding PDSCH transmission in LAA DL partial subframes [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)
In this contribution, the option 1 and option 3 are further analyzed from the perspectives of transmission efficiency, eNB processing complexity, UE processing complexity, and potential specification impact.
2. Transmission efficiency
The transmission efficiency of both option 1 and option 3 depends on the number and possible location(s) of the starting (or ending) OFDM symbol of the partial or 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 option 3 is similar to that of option 1. 
For option 1, additional transmission overhead may occur depending on whether there is limitation on the ending OFDM symbol in the last subframe (which is also a partial TTI) of the TXOP. Furthermore, the current proposal for option 1 assumes that the transmission start positions within a subframe are limited to 3 or 4 possibilities thus the overhead occurs. In addition, 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 option 3 than with option 1. Hence, higher transmission efficiency may be achieved by option 3 for more possible location(s) of the starting OFDM symbol of the floating TTI in a subframe.
Observation 1: The transmission efficiency of option 1 and option 3 depends on the number and possible location(s) of the starting OFDM symbol for PDSCH transmission in a subframe. Higher transmission efficiency may be achieved by option 3 for more possible location(s) of the starting OFDM symbol of the partial TTI in a subframe.
3. eNB processing complexity
For both options, 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 option 1, 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, option 1 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 option 1 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 option 1

On the other hand, option 3 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).
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Figure 3: Difficult for MAC-PHY interface of option 1

Observation 2: Compared with option 3, option 1 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.
4. UE processing complexity
In order for the UE to receive 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 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, possible solutions should be considered for DRX UEs if the initial signal is missed, since a DRX UE may wake up at any time during the TXOP. 
For option 1, the DRX UE which missed the initial signal can not know whether the subframe is a normal subframe or a partial subframe. Hence, ending signal which indicates the last OFDM symbol for PDSCH is needed in the last partial subframe of the TXOP. For option 3, if the DRX UE missed the first initial signal, it can not receive the data correctly without knowing the start position of each subframe. Hence, initial signal should be repeated in each normal subframe during the TXOP.
· 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. To reduce the UE complexity and power consumption, only a limited number of starting points can be supported such that the UE blind detection capabilities are divided into multiple potential starting positions. Therefore it is a tradeoff between spectrum efficiency and UE complexity. Partial TTI may be more problematic than floating TTI if EPDCCH is to be used, since EPDCCH mapping are dependent on the available TTI length. 
In this method, problems still exist for DRX UEs. The above discussed PDCCH/EPDCCH blind detection methods should be applied in each of the DL subframe since the UE may wake up in the middle of the TXOP. For option 1, DRX UEs without additional data burst information can not distinguish whether a subframe is a normal subframe or a partial subframe, thus the PDSCH may not be correctly decoded in the last subframe of the TXOP. Therefore additional methods are required to solve this ambiguity. However, no confusion exists for DRX UEs using option 3 since all the TTIs are assumed to be the same.  
· 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 used, the position should be fixed and known to the UE. 
For option 1, one possible method is that the (E)PDCCH is transmitted in the subframe next to the one in which PDSCH transmission starts, which means the UE should buffer more than 1ms of data in order to receive the PDSCH. For DRX UEs, the explicit signaling should also indicate the subframe is the first partial subframe or the last partial subframe in the TXOP, and whether it is a partial subframe or a normal subframe. For option 3, if (E)PDCCH is transmitted aligned with system subframe boundary, the UE buffer is also increased. 
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 option 1 and option 3.  
5. Potential specification impact
The common areas to be specified for option 1 and option 3 include but not limited to:

· The set of possible starting OFDM symbols for PDSCH transmission within a subframe
It is a trade-off between system efficiency and implementation complexity to choose the possible starting OFDM symbols. For option 1, the DwPTS design can be reused to reduce the specification impact. Hence, the number of OFDM symbols in partial subframes can be 3/6/9/10/11/12. For option 3, limiting the candidate starting OFDM symbols will also be benefit for specification impact.

· Corresponding control channel design and its mapping to REs

Several options for control channel design are discussed in [2]. If (E)PDCCH is not mapping aligned with system boundary, new mapping description is needed in specification. In some cases, multi-subframe scheduling is also needed, e.g., when PDCCH for the first partial subframe in TXOP is transmitted in the next subframe or when EPDCCH for the last floating TTI in TXOP is transmitted aligned with system boundary.

· The PDSCH mapping to REs

The mapping method for PDSCH in a subframe can be similar with the normal subframes, which is first the frequency domain and then the time domain. 

· The PDSCH demodulation reference signal design

For option 1, if the DwPTS design is reused, no extra work is needed, however the spectrum efficiency may be a concern. Otherwise, new design should be considered for the PDSCH demodulation reference signals. For option 3, legacy patterns of PDSCH demodulation reference signal can be reused. 

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

As discussed in section 4, three alternatives can be considered for UE to determine the starting OFDM symbol of PDSCH. The specification impacts of the three alternatives are similar.

· Scrambling sequence for LAA DL

In current specification, the initialization value of scrambling sequence for both data, reference signal and control channel are correlate with slot number. However, there may be not enough time for the eNB to prepare the data with slot specific scrambling sequence after the eNB occupies the channel. Hence, the scrambling sequence should not be dependent with the frame/slot number. 
Observation 4: Both option 1 and option 3 requires many common specification areas.
6. Conclusions

In this contribution, we mainly compare two options for PDSCH transmission in LAA DL. The observations are summarized as below:
	
	Transmission efficiency
	eNB processing complexity
	UE processing complexity

	Option 1
(partial TTI)
	Low if limited number of transmission starting position is supported

Reduced scheduling opportunities for DRX UEs
	High for multiple PDSCH preparation and MAC-PHY interactions
	Processing on the initial signal 

Additional PDCCH/EPDCCH blind detection

	Option 3
(floating TTI)
	High
	Low
	Initial signal monitoring or additional PDCCH/EPDCCH blind detection is not always necessary depending on the design options
UE buffer may be increased depending on the design options


 Based on the above observation, the following is proposed:
Proposal 1: “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” is adopted for LAA DL transmission.
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