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1. Introduction

In RAN#68, LAA work item has been approved for LTE Rel-13 standardization where it was agreed only DL transmission is supported in Rel-13 [1]. During the LAA study item, it was agreed to introduce initial signal (reservation signal) for channel reservation in LBT operation as follows [2].
Agreements (RAN1#79):
· 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 signals(s) is part of the maximum transmission duration

· The content/additional function/duration of this signal is FFS
· This does not imply network synchronization

Also, in the email discussion following RAN1#82, the following was agreed regarding DL transmission burst detection. In the agreement, one of the options is to introduce an initial signal (preamble) of 2 or 3 OFDM symbols in front of each transmission burst to help UE’s detection of transmission burst and synchronization.
Proposal:
•       Consider the following options for detecting transmissions from a serving cell at the start of the DL transmission burst or during a DL Tx burst:
–      Option 1: detection of initial signal, which starts before the first data/control OFDM symbol of the DL transmission burst
•       Ex 1: CRS/SSS/PSS in 3 OFDM symbols
•       Ex 2: SSS/PSS in 2 OFDM symbols
–      Option 2: detection of CRS at least in the first OFDM symbol with CRS in a TTI in any DL TTI within the DL transmission burst

–      Option 3: detection of a common DCI transmitted over PDCCH or EPDCCH in any or first DL TTI of the DL transmission burst

–      Option 4: detection of a common signaling transmitted in any or first DL TTI of the DL transmission burst

–      Option 5: detection of a UE-specific DCI transmitted over PDCCH or EPDCCH in any DL TTI of the DL transmission burst

–      Note that the options above may not be mutually exclusive

•       In the above options, FFS how fine synchronization is achieved if the TTI contains CRS only in the first OFDM symbol or contains no CRS (if supported)

–      E.g. in the first subframe of a DL transmission burst, or in the first subframe after a UE comes out of DRX
In this paper, we discuss details of initial signal (reservation signal and preamble) and suggest the design principles for initial signal in LAA DL.

2. Design principles of reservation signal
2.1. Frequency domain distribution
Since reservation signal should be detected by other LAA networks or WiFi devices without any understanding on the actual transmission bandwidth, transmit power of reservation signal should be evenly distributed over whole system bandwidth. The occupied subcarriers by reservation signal should at least satisfy the regional regulation on the maximum PSD [3] so that transmit power should not exceeds maximum PSD when the eNB transmits up to maximum allowed transmit power in the unlicensed carrier.
Suggestion 1: Transmit power of reservation signal should be evenly distributed over whole system bandwidth

2.2. Reservation signal transmit power
To guarantee same or larger CCA sensing coverage of the reservation signal transmission than that of the consequent TX burst, reservation signal transmit power may have to be equal to or larger than the transmit power of the consequent TX burst. However, considering that transmit power during a TX burst may practically vary depending on the PDSCH scheduling bandwidth, RS or non-RS symbol, etc., reservation signal transmit power may be set based on the eNB transmission power of a wideband reference signal with constant transmit power such as CRS
Suggestion 2: Transmit power of reservation signal should be equal to or larger than a reference power, where reference power can be a maximum transmit power during the consequence TX burst or derived from a transmit power of wideband reference signal such as CRS
2.3. Specification of reservation signal waveform
In our view, reservation signal may not be needed for other purposes than channel reservation with LBT operation. Therefore, reservation signal transmission is not guaranteed before every DL TX burst and UE cannot expect it can receive reservation signal before reception of a DL TX burst. In that sense, reservation signal waveform may not need to be known to a UE
Suggestion 3: DL reservation signal waveform does not need to be known to a UE
3. Introduction of preamble
Preamble as initial signal is considered mainly to help fine synchronization, AGC setting and DL transmission burst detection at UE side. However, those functionalities should be already supported by following baseline.

· Fine synchronization should be achieved by CRS imbedded in DL transmission burst [4]
· AGC setting and course synchronization should be achieved by DRS in DMTC and CRS (and possibly DRS) imbedded in DL transmission burst [4]
· Battery saving for (E)PDCCH decoding can be achieved by SCell activation/deactivation. If necessary, UE may perform blind detection of CRS for further battery saving before (E)PDCCH decoding

On the other hand, introducing preamble to every transmission burst accompanies additional DL overhead and causes DL throughput degradation. Figure 1 shows DL throughput evaluation results with and without preamble under following assumptions regarding TX burst start timing and TX gap generation.
Option 1 w/o preamble: without preamble, TX burst starts from OFDM symbol 0. TX burst ends OFDM symbol 10.
Option 1 w preamble: with 2-symbol preamble, TX burst starts from OFDM symbol 0. TX burst ends OFDM symbol 8.

Option 2 w/o preamble: without preamble, TX burst can start from OFDM symbol 0 or 3. TX burst ends OFDM symbol 10.

Option 2 w preamble: with 2-symbol preamble, TX burst can start from OFDM symbol 0 or 3. TX burst ends OFDM symbol 10.

As shown in figure 1, both LAA and WiFi throughput degrade considerably when 2-symbol preamble is introduced (about 9% degradation for LAA and 7% degradation for WiFi in high load cases) where the evaluation assumptions are shown in the appendix.
Considering discussions and evaluation results of this paper, it is unclear if additional assistance of preamble is necessary.
Suggestion 4: Preamble for each DL transmission burst may not need to be introduced for LAA DL

(a) LAA DL throughput
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(b) WiFi DL throughput

Figure 1. DL throughput of LAA and WiFi depending on introduction of preamble
4. Summary and conclusions

In this paper, we discussed initial signal (reservation signal and preamble). The suggestions of this paper are summarized as follows.
Suggestion 1: Transmit power of reservation signal should be evenly distributed over whole system bandwidth

Suggestion 2: Transmit power of reservation signal should be equal to or larger than a reference power, where reference power can be a maximum transmit power during the consequence TX burst or derived from a transmit power of wideband reference signal such as CRS

Suggestion 3: DL reservation signal waveform does not need to be known to a UE
Suggestion 4: Preamble for each DL transmission burst may not need to be introduced for LAA DL
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Appendix. Simulation assumptions
	
	LAA
	WiFi

	Number of carriers
	1

	Antenna configuration
	1Tx2Rx

	CCA threshold
	-62 dBm
	-62 dBm for CCA-ED
-82 dBm for CCA-CS

	CCA slot length
	Initial CCA: 43 us

Extended CCA: 8 us

Defer period: 43 us
	8 us

	Contention window size (CWS)
	X (minimum contention window size) = 15

Y (maximum contention window size) = 63

	CWS adjustment
	Based on HARQ-ACK/NACK feedback

	TX burst structure
	Starts at SF boundary and ends at 11-th OFDM symbol
	

	TX burst length
	< 4 ms

	MCS
	Exclude 256 QAM

	RTS/CTS
	Not modelled

	Rate control
	Closed loop
	Open loop


