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1
Introduction
The following agreement has been reached in RAN1#79:

Agreements:
•      DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships across serving cells aggregated by CA 

–     At least for LBE, some signal(s) can be transmitted by eNB between the time eNB is permitted to transmit and the start of data transmission at least to reserve the channel

•      This does not imply the data transmission can start only at the subframe boundary

•      Possible restriction on starting position of data transmission can be considered

•      The duration of this signal(s) is part of the maximum transmission duration

•      The content/additional function/duration of this signal is FFS

–     This does not imply network synchronization
In [1] we discussed the corresponding reservation signal on a general level. The signal fills a so-called partial subframe, as shown in the following figure:
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Figure 1. Reservation signal filling a partial subframe, i.e. space between LBT success 
and the following regular subframe.

The reservation signal can contain full LTE OFDM symbols and potentially also a fractional symbol, as depicted below:
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Figure 2. Fractional symbol within a reservation signal.

In this contribution we discuss whether it is needed to specify the fractional symbol and what time granularity should the fractional symbol support.
2
Design of fractional symbol for LAA
2.1 Fractional symbol structure
If the sole purpose of the fractional symbol is to reserve the channel until following full OFDM symbol, in principle it only needs to fulfill the regulatory requirements on bandwidth, transmission power, unwanted emissions etc. It does not need to be further specified and can be considered as LAA eNB/AP implementation specific. On the other hand, if the fractional symbol has some additional purpose, its structure needs to be known to the UE receiver (or other eNodeBs) at least to some extent. At the same time, as we highlighted in [1], the presence of reservation signal should not be required for operation of LAA, as in some time instances the reservation signal transmission is not needed and cannot be guaranteed.
Because of the impact on eNB and UE complexity, we believe that specifying the structure of fractional symbol should be well motivated. Unless significant benefits or a real need for an additional purpose are found, it is preferred that the fractional symbol remains LAA eNB/AP implementation specific.
Observation 1: Specifying the structure and content of the fractional symbol should be well motivated. If no clear motivation for specifying it is found, the fractional symbol should be considered as LAA eNB implementation specific.
Here we present a list of potential motivations to have the fractional symbol specified in more detail:
1) Opportunistic cell detection and/or synchronization. If the fractional symbol contains useful reference signals, UE could search for these and use them to improve performance of its cell detection and/or synchronization algorithms.
2) Supporting reuse 1 operation implemented via IFDMA. One possible way to support reuse 1 operation is to have LAA transmission identifiable from the reservation signal and at the same time still allow detection of other transmissions (Wi-Fi, other non-LAA, other operator LAA) in the LBT manner. This could be achieved via use of IFDMA.
3) LAA transmission detection including enabling cell ID and/or PLMN ID identification for optimization purposes. In general, if an eNB or a UE detects that a LAA transmission is happening overall and which cell of which operator is transmitting; knowing the scheduling/transmission characteristics of the network it could adapt its behavior to its own benefit.
First, we believe that at least a full OFDM symbol following the fractional OFDM symbol will be needed to serve the purpose of enabling a reliable operation of the intended purpose/motivation. 
Moreover, there is no guarantee, that the fractional symbol will be present in the transmission. Combined with the fact that a full OFDM symbol for a specific purpose will be needed anyway, the LAA receiver would hardly have motivation to perform extensive search for a signal that is not essential for reception and that is not guaranteed to be present in the first place. Therefore, the additional advantage of having the fractional symbol specified is unclear.

Observation 2: The fractional symbol seems not to have any specific purpose by itself other than reserving the channel (without at least a one additional full OFDM symbol). Therefore, the additional value of having for the fractional symbol specified for a specific purpose seems to be not motivated.
Additionally, decoding potential content or detecting reference symbols in a fractional symbol may fail due to wrong AGC settling. In an unlicensed band, received (serving or interference) signal power levels will vary considerably more than in a licensed band. This situation is similar to what is expected to happen within D2D, where it was established [2,3] that 70μs (one symbol) time should be assumed for reliable AGC settling. Although these conclusions were based on SC-FDMA waveform, they should serve as reasonable references for expected AGC settling time for LAA DL as well.
Observation 3: D2D assumption of 70μs for AGC settling time could be considered as a starting assumption for LAA DL.
Given the assumption of one symbol for AGC settling, in many cases the full first symbol will be lost and cannot be relied on for any specific purpose. This further reduces the motivation to specify content or special structure for the fractional symbol, as any essential functionality should be supported by symbols where the AGC for the potential receiving UE is expected to be stable already.
Observation 4: No essential functionality should be supported by fractional symbol due to uncertainty caused by AGC settling time. 
2.2 Fractional symbol granularity
In the previous section, we discussed the lack of a real motivation for specifying content for the fractional symbol that might be used for channel reservation purposes. But the related investigations have only be done from content/structural point of view, without considering the potential need to define a specific fractional symbol granularity.

Looking at need for a specified fractional symbol granularity, the only motivation might come from the intended frequency reuse 1 operation for LAA. As discussed in our companion contribution [4], there is need for coordination of the starting points for transmission in order to enable efficient reuse 1 operation. As the starting position for LBE based DL LAA operation might include the transmission of a fractional symbol, the specification of fractional symbol granularity needs to be considered for this case. In the case that frequency reuse 1 operation is to be supported in deployments containing eNBs from multiple vendors, there may be need to configure or coordinate the eNBs to start transmission with similar delay after successfully completing LBT procedure. One sufficient option for such configuration may be simply to disable any potential use of fractional symbol, and relying on OFDM symbol level of granularity. Hence, we do not see a need to specify fractional symbol granularity.    

Observation 4: LAA transmission granularity needs to be coordinated together with other LBT parameters in order to support reuse 1 operation. Transmission granularity on OFDM symbol level in case of envisioned reuse 1 operation may be be sufficient considering the coordination needs. 
Summarizing the discussions in this contribution we were not able to identify the need to specify neither the content or structure nor the time granularity of fractional symbols as part of the reservation signals. We therefore would like to bring the following proposal forward:

Proposal: The potential decision to specify the time granularity and the structure of fractional symbols would need to be clearly motivated. 
3
Conclusions
In this contribution we have discussed the structure and granularity of fractional symbol for LBE LAA operation. Our conclusions are listed below.
· Observation 1: Specifying the structure and content of the fractional symbol should be well motivated. If no clear motivation for specifying it is found, the fractional symbol should be considered as LAA eNB implementation specific.
· Observation 2: The fractional symbol seems not to have any specific purpose by itself other than reserving the channel (without at least a one additional full OFDM symbol). Therefore, the additional value of having for the fractional symbol specified for a specific purpose seems to be not motivated.
· Observation 3: D2D assumption of 70μs for AGC settling time could be considered as a starting assumption for LAA DL.
· Observation 4: LAA transmission granularity needs to be coordinated together with other LBT parameters in order to support reuse 1 operation. Transmission granularity on OFDM symbol level in case of envisioned reuse 1 operation may be sufficient considering the coordination needs. 
· Proposal: The potential decision to specify the time granularity and the structure of fractional symbols would need to be clearly motivated. 
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