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In RAN#80 meeting, functionalities for discontinuous LAA downlink transmission were discussed and the following agreements [1] were made:
	Agreements:
· Functions that can be supported by one or more signals to be transmitted from the beginning of a discontinuous LAA downlink transmission can include at least one of the following
· AGC setting
· Channel reservation
· Note: Transmission of the signal(s) may not be required 
· At least functions that may need to be supported for discontinuous LAA downlink transmission operation by one or more signals include at least one of the following
· Detection of the LAA downlink transmission (including cell identification)
· Time & frequency synchronization
· Other functionalities if necessary
· Note that it is not precluded the same signal is used for all above and possibly other functions
The above functionalities can be supported by other methods (including assistance from licensed carrier)



In this contribution, we consider functionalities need to be supported at the beginning of discontinuous LAA DL transmission.
Considerations on the beginning of DL transmission
The LBT based LAA DRS transmission is needed in the unlicensed bands; therefore, there is a possibility that the eNB may not be able to transmit DRS on the unlicensed band for a long period of time due to the presence of other transmissions by the neighboring nodes sharing the same band. In addition, it is also possible due to the interference an UE is unable to detect/decode some of the DRS transmissions correctly. We think this situation forces us to consider providing another synchronization signal within the data transmissions in addition to the DRS transmissions. One solution is the eNB transmits the synchronization signals (LAA sync) in the symbols located before the data region (e.g., the first symbols of a subframe). This approach is very similar to the D2D synchronization signal design. Fine time/frequency estimation can be performed if synchronization channels are placed at the beginning of the data burst. If DRS synchronization is not enough to decode the data, the above will be very helpful to achieve synchronization at the beginning of the data burst. UE can achieve a coarse synchronization using the DRS and achieve finer frequency/time tuning using the above LAA sync. AGC setting is also performed based on the LAA sync. 
Proposal 1:
Coarse synchronization should be supported by LAA DRS. Fine time/frequency tuning provided by the LAA sync should be supported at the beginning of the data burst.

In addition, we propose the current physical control channel regions should be replaced by LAA sync. The number of resource elements used to transmit Physical control channels is changed according to, for example, the number of UEs scheduled in the subframe. In case of low-traffic conditions it is possible Physical control channel region is not fully occupied resulting in low resource element density and consequently low transmit power over the OFDM symbol, which could result in higher miss-detection by the neighboring nodes. As a consequence higher number of collisions would occur as the neighboring nodes may assume the channel is available for their respective transmissions. To avoid these collisions, we propose Physical control channels should be removed from the unlicensed band transmissions and the LAA sync should be transmitted as a replacement. 
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Figure 1: Existing channel mapping (left) / Example of proposing channel mapping (right)

Proposal 2:
The current Physical control channels region should be replaced by the LAA sync.

Broadcast channel for resource allocation information
If the LAA cell is aware of the data transmission duration of the other LAA cell then eNB can suspend LBT during that duration. Therefore, we propose RAN1 should study if some level of resource allocation information on the unlicensed spectrum should be broadcasted as well. This information should be conveyed over initial signal located at the beginning of the data burst. This signal is read by the neighboring LAA cells to obtain resource usage information of the transmitting eNB. 
Proposal 3:
RAN1 should study if some level of resource allocation information on the unlicensed spectrum should be broadcast in the initial channel.

As a consequence of section 2 and 3, we support the following functionalities at the beginning of the data burst.
Proposal 4:
The following functionalities should be placed at the beginning of the data burst. 
1) AGC setting
2) Time & frequency synchronization
3) Detection of the LAA transmission
4) Information for Cell ID/Operator ID and resource information of the data transmission



The physical channel design for initial signal
As discussed in section 2, Figure 2 shows an example of the initial signal design. In our view, DRS [3] and initial signal have similar requirement such as synchronization and broadcasting control information. Therefore, we propose the same DRS design to be used for the initial signal. (Note that our interpretation of initial signal doesn’t consist of the reservation signal and the design of the reservation signal is described in [4].) The difference between initial signal and DRS should be very small, for example, to indicate a distinction between the two channels 1-bit flag can be used for that purpose. If DRS timing and initial signal timing collide, DRS and initial signal can be multiplexed by utilizing control information as shown in Figure 3.
Proposal 5:
The same design structure is used for initial signal and DRS.
Proposal 6:
The difference between initial signal and DRS should be in the control information part.

[image: ]
Figure 2: Example of initial signal
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Figure 3: Example of the collision of initial signal and DRS

Conclusions
Proposal 1:
Coarse synchronization should be supported by LAA DRS. Fine time/frequency tuning provided by the LAA sync should be supported at the beginning of the data burst.
Proposal 2:
The current Physical control channels region should be replaced by the LAA sync.

Proposal 3:
RAN1 should study if some level of resource allocation information on the unlicensed spectrum should be broadcast in the initial channel.
Proposal 4:
The following functionalities should be placed at the beginning of the data burst. 
1) AGC setting
2) Time & frequency synchronization
3) Detection of the LAA transmission
4) Information for Cell ID/Operator ID and resource information of the data transmission
Proposal 5:
The same design structure is used for initial signal and DRS.
Proposal 6:
The difference between initial signal and DRS should be in the control information part.
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