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1. Introduction

In last RAN1 LAA Ad Hoc meeting, the reservation signal or initial signal was discussed, but no agreements were made regarding its detailed functions and possible signal design. Also, some agreements on the discontinuous transmission were made in RAN1#80 meeting as follows. 
· 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)
Hence in addition to channel reservation function, the initial signal could be possibly used for AGC setting, cell identification or other functions. In this contribution, we further analyze the required or useful functions of the initial signal for LAA DL.

2. Discussion
For LBT Category 3 and 4, the eNB may sense the channel free and is allowed to transmit at any time even within an OFDM symbol when (e)CCA check succeeds. Hence it is a common understanding that a reservation signal needs to be transmitted to occupy the channel as soon as the channel is available. The reservation signal or initial signal can consist of at least one fractional OFDM symbol in order to align with the OFDM symbol boundary, and/or one or more full OFDM symbols.
One important factor that determines the design of the initial signal is whether additional functionalities should also be supported by the initial signal in addition to the channel reservation function. Generally speaking, the following functionalities could be supported by the initial signal.  
· AGC setting
· Detection of the LAA downlink transmission (including cell identification)
· Time/frequency synchronization
· CSI measurements
· Other possible functions, e.g. information to facilitate reuse-1 operation
The following sections give the detailed analysis for the fractional symbol and the full symbols respectively. 

2.1. Functions of the fractional symbol
For the fractional symbol, due to the uncertainty of the unlicensed channel, its length can vary for each transmission burst. In the extrem case, the length of the fractional symbol could be zero if the (e)CCA succeeds right at the OFDM symbol boundary. This implies that the fractional symbol should not carry essential functions for normal LAA operation.  
The fractional symbol, when present, can always be used for AGC setting. The longer the fractional symbol, the better the AGC setting is at the end of the fractional symbol. Note that this does not require specific signal design as long as the power is the same as the actual data transmission. 
In addition, as the fractional symbol is anyway transmitted till next symbol boundary when (e)CCA succeeds, it seems natural at first to use the fractional symbol to support some other functions e.g., cell identification, detection of the LAA downlink transmission and time/frequency synchronization etc. Potentially it can be beneficial if the fractional symbol could support these non-essential functions when possible. However, there are some issues for LAA to use the fractional symbol for the above functions, listed as follows:
· Due to the fact that the fractional symbol length is quite uncertain and could  vary over time, there would be a high specification impact to design the detailed fractional symbol to fulfill these functions. 
· The UE complexity has to be considered when the UE blindly detect and decode the fractional symbol. If the fractional symbol is designed and composed of multiple time-domain format repetitions, each UE is required to repeatedly detect the channel in a very short duration typically far less than one OFDM symbol. Especially, when the UE is configured with multiple unlicensed carriers, the detection complexity over a large number of carriers is dramatically increased.  
· There are some proposals that the fractional symbol could be used for LAA reuse-1 operation within the same operator. In this case, LAA nodes could detect the fractional symbol to identify whether the ongoing transmissions are coming from the same LAA operator or not. If the ongoing transmissions are from the same LAA operator, LAA nodes could concurrently occupy the channel to fulfill the reuse-1 operation. However, this operation requires that the fractional symbol at the beginning of data burst needs to be detected by nearby LAA nodes at the exact time when nearby LAA nodes perform (e)CCA check, which however could not always be ensured. Note that the detailed reuse-1 operation for LAA is discussed in our companion paper [1]. Moreover, if any information is considered important for LAA operation, its transmission should be guaranteed (e.g. in the following full OFDM symbols), instead of being opportunistically transmitted.
Based on the above analysis, we make the following observation and proposal. 
Observation 1: in order for the fractional symbol to support functions e.g. detection of the LAA downlink transmission, time/frequency synchronization etc, the UE blind detection complexity is dramatically increased and high specification effort is required. 
Observation 2: The benefit of carrying information in the fractional symbol is not clear.
Proposal 1: The signal transmitted in the fractional symbol is not specified. The UE does not need to detect it.

2.2. Functions of the full symbols
In addition to the fractional symbol, the initial signal could possibly include one or several full symbols following the fractional symbol. 
As proposed in our companion contribution [2], a full OFDM symbol should be included for AGC setting. This alone does not require any specific signal design. 
Also the full symbols following the fractional symbol could be used for the detection of the LAA DL transmission and cell identification. Instead of explicit signalling indication from the network e.g., PCell, another alternative is that each UE could perform blind detection in a granularity of one full symbol to determine whether the transmission over the unlicensed cell has started. If it determines that the transmission is started and comes from the configured unlicensed SCell, the UE could continue to detect and receive the following useful data. Generally, there are several options for the UE’s detection of the start of the LAA DL transmission over the unlicensed SCell. 
· Option 1: (E)PDCCH
· Each UE is required to blindly detect and decode the (E)PDCCH if it is scheduled. In this case, the blind detection of (E)PDCCH with different aggregation levels in its own search space has to be performed at all or predefined OFDM symbols. The operator ID, data burst length etc information could be included in the (E)PDCCH. However, in LTE, the PDCCH is always fixed at the first OFDM symbols of one subframe, and EPDCCH resources are high-layer configured. For LAA, the uncertain positions of the (E)PDCCH following the fractional symbol would introduce another dimension for UE’s blind decoding (i.e. different starting symbols), and incur high UE complexity in blind decoding. 
· Option 2: PSS/SSS
· The synchronization signal could be transmitted at the full symbols of the beginning of the data burst following the fractional symbol. This could facilitate the UE cell identification. If the transmission is detected from the serving unlicensed SCell, the UE shall begin data buffering and be prepared to decode the corresponding control channels. The PSS and SSS could be transmitted at the first two symbols and occupying the central frequency. Alternatively, they could be transmitted at the first symbol. The compliance with the 80% frequency occupancy requirement should also be considered. 
· Option 3: CRS
· In this case, the CRS is transmitted at the full OFDM symbols following the fractional symbol. Each UE is required to blindly detect the CRS to identify whether the DL transmission starts and which the transmission comes from. Also the CRS could be used for the accurate time/frequency synchronization purpose before the data demodulation. In LTE the CRS is always transmitted at fixed symbols. However, for this option, some modification would be required. For example, the CRS is transmitted at the first full symbol when (e)CCA check succeeds. 
The initial signal can also be used for fine time/frequency synchronization. This would require some RS to be carried in the initial signal. For different options for fine time/frequency synchronization function, the detailed analysis is given in our companion paper [2]. 
Based on the above analysis, we have the following observation and proposal. 
Observation 3: the full OFDM symbols following the fractional symbol can be used for functions including AGC setting, the detection of LAA DL transmission (cell identification), and fine time/frequency synchronization.
Proposal 2: in order to enable the detection of LAA DL transmission and cell identification, the (e)PDCCH, PSS/SSS or CRS at the first full symbols following the fractional symbol could be considered as candidates. 

3. Conclusion
In this contribution, we have discussed the initial signal for LAA, and made the following observation and proposal.
Observation 1: in order for the fractional symbol to support functions e.g. detection of the LAA downlink transmission, time/frequency synchronization etc, the UE blind detection complexity is dramatically increased and high specification effort is required. 
Observation 2: The benefit of carrying information in the fractional symbol is not clear.
Proposal 1: The signal transmitted in the fractional symbol is not specified. The UE does not need to detect it.
Observation 3: the full OFDM symbols following the fractional symbol can be used for functions including AGC setting, the detection of LAA DL transmission (cell identification), and fine time/frequency synchronization.
Proposal 2: in order to enable the detection of LAA DL transmission and cell identification, the (e)PDCCH, PSS/SSS or CRS at the first full symbols following the fractional symbol could be considered as candidates. 
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