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Introduction
In the context of LBT, LAA design poses a number of challenges due to discontinuous transmission [1]. It has been claimed that initial signal may be beneficial to facilitate the LAA operation by providing functionalities including: AGC setting, time/frequency synchronization, cell identification and indication of starting positions of LAA DL burst (i.e. signal existence detection). It has been also claimed that initial signal may also provide other control signalling information including identification of DL/UL configuration, and number of carriers used for DL burst transmission.  
Based on the above objectives, in this contribution, we provide a discussion on the need of initial signal and provide the design details of the initial signal, if such a design deemed necessary. 
Discussion on Initial Signal  
In this Section, we provide our views regarding the need of initial signal. It is noted that many of functionalities of initial signal can be supported by other mechanisms such as DRS, CRS, (E)PDCCH, RRC configuration, and etc. 
· AGC setting: Initial signal may provide additional AGC setting for every DL burst. Though, in our view, such frequent AGC setting in every DL burst may not be required. The initial AGC setting may be obtained from DRS. Once it is obtained, it may not need often updates over a period of time.  In very unlikely event, DRS is not received for sufficiently long duration, while DL burst is received, the CP of the first OFDM symbol can be used for updating AGC setting. 
· Time/Frequency synchronization:  If DRS is not received for a considerable amount of interval, time/frequency synchronization may be lost. In very unlikely event that time/frequency synchronization is lost as DRS within DMTC is not received and DL burst is received, initial signal may be able to provide the time/frequency tracking. The CRS in each DL burst (e.g. the first OFDM symbol of a subframe) can provide such function. It may be argued that a single CRS OFDM symbol may not provide the simpler frequency offset tracking (e.g., Moose algorithm). However, it is an implementation issue – one CRS symbol based frequency offset tracking can be applied. If needed, by making the non-CRS REs empty as one option, the easier frequency offset tracking can be enabled by exploiting time domain waveform repetition (e.g. autocorrelation based frequency offset tracking).
· Cell identification for DL burst: The physical layer cell ID for the unlicensed carrier (SCell) is signaled by RRC according to the current mechanism of carrier aggregation. As UE already knows the cell ID for the SCell, there is no need of cell identification by initial signal. As only cell ID verification is needed with the given cell ID information, CRS in each DL burst (e.g. the first OFDM symbol of a subframe) can be used to provide such function.
· [bookmark: _GoBack]Detection of starting of DL burst: Due to discontinuous transmission on the unlicensed band, the UE cannot foresee when the eNB will start DL transmission burst. Therefore, the UE may need to know the starting or the existence of the DL transmission bursts. It has been claimed that the initial signal can provide such feature. However, it is possible that the start of the DL burst can be identified by i) detection of CRS presence in the first symbol within DL burst or ii) detection of common/UE specific DCI transmitted over (E)PDCCH for the DL burst. The performance of signal detection by using CRS is shown in appendix. 
· DL/UL configuration: It has been claimed that such information can be helpful for UE power saving purpose. But, it’s not clear how much beneficial it might be.
· Number of carriers used for DL burst transmission: This information can be provided by DCI and any essential need is not foreseen. 

Conclusion
In this contribution, we discussed the need of initial signal for LAA. Based on the discussions our observation is:
Proposal: The necessity for introduction of initial signal should be further clarified. 
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Annex: Simulations
In this Section, we provide the link level evaluation performance on signal existence by using existing CRS.
Simulation Setup
· Transmission Types for simulation
· One LTE-Tx (for Pr(LTE->Tx->Others)
· One WiFi-Tx (for Pr(WiFi-Tx->LTE-Tx)
· WiFi-Tx is modelled by AWGN with the same power as LTE-Tx
· DTX (for Pr(DTX->LTE-Tx)
· Receiver
· Two detector types were considered.
· Differential based (Simple Detector)
· In frequency domain the differential correlation is performed to derive the correlation output for signal existence detection.



i.e.  where  is the received signal and  is the CRS sequence
· DFT based (Advanced Detector)
· The power summation from impulse of channel response based on DFT-based channel estimation is used to derive the correlation output for signal existence detection.
· Number of OFDM symbols used for CRS detection: 1 (1st CRS symbol only) and 4 (within a subframe)
· Assume UE knows physical cell ID, slot number and CP type for generating CRS sequences
The remaining simulation parameters are given in Annex.
Simulation Results
Figure 1 (a) – (d) show the simulation results on CRS detection performances for EPA 3km/h and ETU 3km/h under various residual time and frequency offset errors. It is observed that the existing CRS detection shows the very good performance even by using one CRS symbol, and the required SNR range is ~ -6.2dB.
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(a) EPA 3km/h, Residual Time/Freq = ±0.0us/±0.0ppm (b) ETU 3km/h, Residual Time/Freq = ±0.0us/±0.0ppm

[image: ][image: ]
(c) EPA 3km/h, Residual Time/Freq = ±1.5us/±0.3ppm          (d) ETU 3km/h, Residual Time/Freq = ±1.5us/±0.3ppm
[bookmark: _Ref430972885]Figure 1 CRS detection error probability such that Pr(DTX->LTE-Tx)=1%
Table 1 Simulation parameters
	Parameters
	Value

	Carrier frequency
	5GHz

	System bandwidth
	20MHz

	Channel model
	EPA, ETU

	Velocity
	3km/h

	Antenna setup
	1Tx-2Rx

	CRS detection
	Differential based, DFT based

	Num. of OFDM symbols carrying CRS for CRS detection
	1st OFDM symbol only, 1 subframe (4 OFDM symbols)

	CP type
	Normal CP

	Noise estimation
	Practical

	Target threshold
	Such that Pr(DTX->LTE-Tx)=1% [this threshold value is also used for detecting WiFi-Tx->LTE-Tx]

	Required SNR
	Such that Pr(LTE-Tx->Others)=1% (i.e. miss detection rate = 1%)

	LTE-Tx
	CRS transmission only with AP0

	WiFi-Tx
	Modelled by AWGN

	Ratio of LTE-Tx power over WiFi-Tx power
	0dB

	Residual timing offset / Residual frequency offset
	0us / 0ppm, ±1.5us / ±0.3ppm (uniform distribution)
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