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In RAN1 #80, several agreements were made regarding the downlink discontinuous transmission of Licensed Assisted Access (LAA) carriers [1], i.e.: 
· 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 RAN1 #80b, several agreements were made regarding synchronization for Licensed Assisted Access (LAA) carriers [2], i.e.: 
· It is a design target that the following signals or combination of the following signals can provide functionality for the UE’s time/frequency synchronization for the reception of a DL transmission burst in LAA SCell(s)
· serving cell’s DRS for RRM measurement
· Note that DRS for RRM measurement can be used at least for coarse time/frequency synchronization
· Reference signals imbedded within DL transmission bursts (e.g. CRS and/or DMRS)
· If there is an additional reference signal, this signal can be used
· Note that Reference signals can be used at least for fine time/frequency synchronization
· FFS: Other candidates (e.g., initial signal, DRS)
· FFS: DRS for RRM may also support functionality for demodulation of potential broadcast data multiplexed with DRS transmission
· FFS if broadcast data transmission with DRS is recommended to be supported in Rel-13
· It should be noted that the potential broadcast data above cannot enable stand-alone operation of unlicensed carrier cells
· FFS if other mechanism or signals (e.g., initial signal, DRS) for time/frequency synchronization is necessary to support reception of DL transmission burst

In summary, in RAN1 #80 two functionalities of LAA transmission were identified, i.e. detection of the LAA downlink transmission (including cell identification), and synchronization, while in RAN1 #80 some initial conclusions were made for purpose of synchronization using DRS as well as additional reference signals. This contribution discusses two main schemes for purpose of time & frequency synchronization as well as detection of the LAA downlink transmission, i.e. preamble based and non-preamble based and proposes to adopt preamble based scheme due to the advantages in terms of SYNC Performance, detection reliability of downlink transmission, contention fairness, utilization of reference signals and UE complexity.

[bookmark: _Ref129681832] Schemes for synchronization as well as detection of downlink transmission
Functionalities for LAA downlink discontinuous transmission
As already mentioned in the abovementioned agreements, functionalities for LAA downlink discontinuous transmission include at least AGC setting and channel reservation, which are achieved by transmitting some signals from the beginning of a discontinuous LAA downlink transmission. These signals can be regarded as LAA preamble as it is at the beginning of a discontinuous LAA downlink transmission and used for aiding data transmission.
In addition, functionalities for LAA downlink discontinuous transmission also include time & frequency synchronization and detection of the LAA downlink transmission. These functionalities may be achieved by the LAA preamble, i.e. preamble based. It should be noted there is a potential different view on achieving these functionalities without preamble, i.e. non-preamble based. In the following both schemes are discussed.
Preamble based detection of the LAA downlink transmission and synchronization
Once an LAA eNodeB measures the channel as clear, it transmits a preamble for detection of the LAA downlink transmission and synchronization in addition to the purpose of AGC and reserving the channel, and then the data/control channels, see Figure 1. The LAA preamble may include a fractional OFDM symbol if the CCA success time is not exactly at the OFDM symbol boundary. 
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Figure 1. LAA DL transmission with LAA preamble

Several points are made related to LAA preamble for indication of downlink transmission and synchronization:
· SYNC performance. The SYNC performance is perfect in a sense that the SYNC is achieved right before the data transmission. 
· Detection reliability of downlink transmission. The preamble typically contains cell ID information only and occupies at least one OFDM symbol with a bandwidth of at least 5MHz. There is sufficient time-frequency resource to convey this limited information, i.e. large processing gain can be achieved [3][4]. 
· Contention fairness. The contention fairness is perfect as the downlink transmission is allowed at the time when the eNodeB measures the channel as clear.
· Utilization of reference signals. All the UEs attached to the cell are aware of the downlink transmission of the LAA eNodeB as well as the existence of reference signals, which helps the UE to better utilize the reference signals for different purposes, i.e. channel estimation, filtering and CSI report. 
· UE complexity. The UE may need to blindly decode the preamble at every OFDM symbol between two downlink transmission occasions, while it may not need to decode PDCCH at this period.

Non-Preamble based detection of the LAA downlink transmission and synchronization
Non-preamble based scheme could be to detect LAA downlink transmission using DL grant and to achieve synchronization using discovery reference signals transmitted periodically or opportunistically periodic. The downlink transmission starts with PDCCH/PDSCH without transmitting preamble or reservation signals. In addition, synchronization can be improved by utilizing additional reference signals, e.g. CRS or DMRS, which of course also feasible for preamble based solution. There are basically two alternatives to transmit the DL grant:
· Non-Preamble Based Alt1: 	The downlink transmission is allowed to start at any OFDM symbol or a number of restrictive OFDM symbols in a subframe. 
· Non-Preamble Based Alt2:	The downlink transmission is allowed to start only at the subframe boundary. 

Several points are made related to non-preamble based schemes for indication of downlink transmission and synchronization (the analysis applies to both alternatives unless explicitly stated otherwise):
· SYNC performance. The SYNC performance would be poor as the discontinuous downlink data transmission needs to rely on the synchronization achieved at the previous DRS occasion, where the gap is uncertain. It should be noted that DRS is transmitted subject to LBT and it is NOT clear how non-preamble based solution can be used for UE to acquire SYNC in case there is a long gap between the current transmission and the last transmission. In this case the UE is actually Out-Of-SYNC and may not be able to even decode PDCCH, and therefore impossible to receive any downlink transmission until the next DRS occasion.   
· Detection reliability of downlink transmission. The detection reliability is similar as the detection reliability of DL grant, i.e. PDCCH. The PDCCH detection performance, especially in terms of mis-detection (a signaling is transmitted but not correctly detected), is typically worse than preamble detection as the processing gain is usually smaller.   
· Contention fairness. For Non-Preamble Based Alt1, the eNodeB may need to defer to the first allowable OFDM symbol boundary to start downlink transmission after CCA success. For Non-Preamble Based Alt2, the eNodeB may need to defer to the first subframe boundary to start downlink transmission after CCA success.
· Utilization of reference signals. Even the LAA eNodeB starts the downlink transmission, a UE will be aware of reference signal existence only after it is scheduled. 
· UE complexity. For Non-Preamble Based Alt1, the UE needs to blindly decode PDCCH at every allowable OFDM symbol. For Non-Preamble Based Alt2, the UE needs to blindly decode PDCCH at every OFDM subframe.

Comparison of Preamble Based and Non-Preamble Based schemes
A comparison of Preamble Based and Non-Preamble Based schemes is summarized in Table 1, based on which we propose:
Proposal: LAA preamble is used for detection of LAA downlink transmission and synchronization.

Table 1: Comparison of Preamble Based and Non-Preamble Based Schemes
	Scheme
	Preamble Based
	Non-Preamble Based Alt1
	Non-Preamble Based Alt2

	SYNC Performance
	Good (right before the data transmission)
	Poor (uncertain gap before data transmission)
	Poor (uncertain gap before data transmission)

	Detection reliability of downlink transmission
	Good (Large processing gain due to preamble design)
	Moderate (Similar as PDCCH)
	Moderate (Similar as PDCCH)

	Contention Fairness
	Good (Tx at anytime)
	Moderate (Tx at the first allowable symbol boundary)
	Poor (Tx at some restrictive OFDM symbols)

	Utilization of reference signals
	Good (All the UEs aware of reference signal existence)
	Poor (Only scheduled UE aware of reference signal existence)
	Poor (Only scheduled UE aware of reference signal existence)

	UE Complexity
	Low (Preamble detection at every OFDM symbol)
	High (PDCCH detection at every allowable OFDM symbol)
	Low (PDCCH detection at every subframe)




Conclusions
Two different schemes for detection of LAA downlink transmission and synchronization, i.e. Preamble Based and Non-Preamble Based, are discussed. It is proposed 
Proposal: LAA preamble is used for detection of LAA downlink transmission and synchronization.
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