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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
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

As analyzed in [3], the LAA preamble is used for detection of LAA downlink transmission and synchronization, in addition to AGC setting and channel reservation. A preamble design was provided in our previous contribution [4][5]. The design principles and detailed design provided are summarized and further details concerning PAPR aspects are provided in this contribution. A text proposal related to the introduction of LAA preamble is also attached for inclusion to TR 36.889. 

[bookmark: _Ref129681832]Summary of LAA Preamble Design 
The LAA preamble design preamble shall ensure proper synchronization performance, support all the functionalities mentioned in Sec. 1, facilitate the low-complexity detection and have equal/similar time/frequency power level [5]. 
Proposal 1: The preamble should
· Contain at least one complete OFDM symbol for synchronization. 
· Be used for time and frequency synchronization and at least contain cell ID information. 
· Facilitate the low-complexity preamble signal detection. 
· Have equal, or at least similar, transmit power as that of an OFDM symbol containing data/control channels.
· Be transmitted over the entire bandwidth and be evenly distributed in the frequency domain.

The preamble should be defined for complete OFDM symbol(s) and potentially a fractional OFDM symbol.
For complete OFDM symbol(s), the LAA preamble should contain one or two OFDM symbols and be generated by frequency multiplexing the existing PSS and/or SSS sequences within one OFDM symbol, which has the advantages of low-complexity preamble generation and detection, minimum preamble overhead, support of one-shot synchronization and minimum interference variations.
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Figure 1. LAA Preamble using 2 OFDM symbols (left) or 1 OFDM symbol (right) including frequency division multiplexed synchronization signals.

Proposal 2: The complete OFDM symbol(s) of the LAA preamble should contain one or two OFDM symbols and be generated by frequency multiplexing the existing PSS and/or SSS sequences within one OFDM symbol. 

The fractional OFDM symbol of preamble is generated as a cyclic extension of the subsequent complete OFDM symbol, which has the advantages of low-complexity OFDM symbol generation and reduced Out-Of-Band emission [5].
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Figure 2. Fractional OFDM symbol generated as a cyclic extension of the subsequent OFDM symbol.

Proposal 3: The fractional OFDM symbol of preamble is generated as a cyclic extension of the subsequent complete OFDM symbol.
 
PAPR Analysis 
Due to the multi-carrier nature, the OFDM signal may suffer from high PAPR causing improper operation of power amplifier. One aspect related to the preamble design in Sec. 2 is the PAPR performance. It should be noted that LAA eNodeB transmission power is much lower than the normal LTE Macro eNodeB, which means that PAPR is less relevant as there is a significant increase of PAPR tolerance for LAA eNodeB assuming the same PA linear operating range. In addition, it is normally up to eNB implementation to handle downlink PAPR.
PAPR performance is evaluated for three kinds of different OFDM symbols:
· Normal OFDM symbol. For a normal OFDM symbol, random QPSK symbols are mapped to all the available subcarriers.
· SSS contained in the Discovery Reference Signals. All possible SSS sequences are evaluated.
· OFDM symbol with PSS repetition. The evaluated PSS mapping is PSS_5M for 5MHz bandwidth, i.e. {0, PSS, PSS, PSS, PSS, 0} and {PSS_5M, -PSS_5M, PSS_5M, PSS_5M} for 20MHz bandwidth.

Table 1: PAPR performance
	
	Normal OFDM Symbol
	OFDM Symbol with PSS Repetition

	PAPR(dB) for 5MHz
	9.9 (95% CDF)
8.5 (median)
	7.8 

	PAPR(dB)  for 20MHz
	10.5 (95% CDF)
9.3 (median)
	10.6
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Figure 3. PAPR performance of an OFDM symbol carrying PSS, SSS and data in 5MHz and 20MHz

The CDF curves of PAPR results for normal OFDM symbols are derived over 5000 randomly generated OFDM symbols. Oversampling rate of 32 is used. The evaluation results are given in Figure 3 and summarized in Table 1.
For 5MHz bandwidth, an OFDM symbol with PSS repetition has a lower PAPR compared to a normal OFDM symbol, and even lower than the OFDM symbol carrying SSS only in the DRS (95% CDF as reference). For 20MHz bandwidth, an OFDM symbol with PSS repetition has a similar PAPR compared to a normal OFDM symbol (95% CDF as reference).
Observation: PAPR is a less relevant metric in LAA carrier with reduced transmission power while frequency multiplexing of PSS results in reduced or similar PAPR compared to a normal OFDM symbol in different bandwidth scenarios.

Conclusions
Regarding the preamble design, it is proposed:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: The preamble should
· Contain at least one complete OFDM symbol for synchronization. 
· Be used for time and frequency synchronization and at least contain cell ID information. 
· Facilitate the low-complexity preamble signal detection. 
· Have equal, or at least similar, transmit power as that of an OFDM symbol containing data/control channels.
· Be transmitted over the entire bandwidth and be evenly distributed in the frequency domain.
Proposal 2: The complete OFDM symbol(s) of the LAA preamble should contain one or two OFDM symbols and be generated by frequency multiplexing the existing PSS and/or SSS sequences within one OFDM symbol. 
Proposal 3: The fractional OFDM symbol of preamble is generated as a cyclic extension of the subsequent complete OFDM symbol. 
Regarding the PAPR aspect of frequency multiplexing of PSS, it is observed:
Observation: PAPR is a less relevant metric in LAA carrier with reduced transmission power while frequency multiplexing of PSS results in reduced or similar PAPR compared to a normal OFDM symbol in different bandwidth scenarios.
A text proposal related to the introduction of LAA preamble is also attached in Appendix for inclusion to TR 36.889.
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Appendix

--------------------------< Start of text proposal for TR36.889 >--------------------------

7.2.1	      Discontinuous Transmission on the Downlink
Discontinuous transmission on an unlicensed carrier with limited maximum transmission duration has an impact on some functionalities required for operation of LTE. These functions can be supported by one or more signals to be transmitted from the beginning of a discontinuous LAA downlink transmission. Note that transmission of these signals may not be required. Functions that can be supported by such signals include at least one of the following.
· AGC setting
· Channel reservation
Channel reservation refers to the transmission of signals, by an LAA node, after gaining channel access via a successful LBT operation, so that other nodes that receive the transmitted signal above a certain threshold sense the channel to be occupied. 
Functions that may need to be supported by one or more signals for LAA operation with discontinuous downlink transmission include at least one of the following
· Detection of the LAA downlink transmission (including cell identification) by UEs
· Time & frequency synchronization of UEs
Note that it is not precluded that the same signal is used for the above and possibly other functions. In addition, the above functionalities can be supported by other methods (including assistance from licensed carrier). 
AGC Setting and Channel Reservation
AGC setting and channel reservation can be achieved by a fractional OFDM symbol or a complete OFDM symbol or both, depending on the time the LAA eNB starts downlink transmission. The signal for AGC setting and channel reservation could be any kind of signals. Complete OFDM symbols may contain cell-specific information used for functionalities in addition to AGC setting and channel reservation. While for a fractional OFDM symbol, additional functionalities may or may not be targeted. Additional functionality may include RAT information. If a fractional OFDM symbol is used only for AGC setting and channel reservation, it can be generated as a cyclic extension of the subsequent complete OFDM symbol.
Detection of the LAA downlink transmission (including cell identification) by UEs
LAA downlink transmission (including cell identification) can be detected from one or two complete OFDM symbols containing one or several PSS/SSS sequences being transmitted before any other data channels or control channels, or PDCCH/E-PDCCH.

Time and Frequency Synchronization
A recommended design target for LAA should be 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
· Reference signals embedded within DL transmission bursts (e.g. CRS and/or DMRS)
The serving cell’s DRS used for RRM measurements can be used at least for coarse time and frequency synchronization. Reference signals embedded within the DL transmission bursts can be used at least for fine time and frequency synchronization. It should be noted that any additional reference signals present can also be used. If one or two complete OFDM symbols containing one or several PSS/SSS sequences are transmitted before any other data channels or control channels, these reference signals can always be used for synchronization.
Downlink Transmission Timing
Downlink transmission opportunities for LAA should assume subframe boundary alignment according to existing CA timing relationships across the corresponding serving cells aggregated by CA. This does not imply the eNB transmissions can start only at the subframe boundary. A PDSCH can be transmitted when not all OFDM symbols are available for transmission in a subframe due to LBT. Delivery of necessary control information for the PDSCH should also be supported.
At least for the case where a node uses a load-based LBT scheme (transmit/receive structure is not fixed in time), some signal(s) can be transmitted by an eNB between the time the eNB is permitted to transmit, and the start of data transmission, at least to reserve the channel. The duration of these signals is included in the maximum allowed transmission duration for that burst.


--------------------------< End of text proposal for TR36.889 >---------------------------
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