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1 Introduction

For LBE-based LAA downlink transmission, a UE needs to achieve synchronization before it can correctly demodulate the physical channels. During the discussion in previous RAN1 meetings, it was agreed that reference signals embedded within DL transmission bursts (e.g. CRS and/or DMRS) can be used at least for fine time/frequency synchronization, whether initial signal/DRS for time/frequency synchronization is necessary to support reception of DL transmission burst is FFS [1]. 
As we discussed in [2], reference signals embedded within DL transmission bursts can be used for fine time/frequency synchronization but may have issues on the reception of the first fractional subframe. Only using LAA DRS for fine synchronization may not be sufficient no matter for periodic or aperiodic DRS. An initial signal is beneficial to help demodulate the first subframe. In this contribution, UE synchronization with or without an initial signal on a LAA Scell are further discussed.
2 UE synchronization on a LAA Scell
When an eNB starts a transmission on a LAA Scell after LBE-based channel sensing, accordingly, the UE served by the eNB shall be aware of the start of the transmission and correctly demodulate the physical channels on the Scell. Before data demodulation, the UE shall first acquire accurate time and frequency synchronization on this Scell. The UE synchronization behaviours are different if there is or if there is no initial signal/preamble before a DL transmission burst.
2.1 With an initial signal
An initial signal/preamble occupies at least one or two OFDM symbols is transmitted on a LAA Scell before each DL transmission burst. If the initial signal is introduced, PDCCH/EPDCCH may be placed right after the initial signal, so there might be no need to restrict the starting points of the transmission. The number of minimum allowed OFDM symbols for PDSCH transmission should be defined and puncture of a whole subframe to fit the fractional subframe may be considered. Further some starting points of PDCCH/EPDCCH could be predefined which are tied to the candidate positions of the initial signal so that the complexity of UE blind detection will be reduced. If the current PSS/SSS/DRS signal format are reused as the initial signal, from UE perspective, at least coarse synchronization and fine time synchronization can be achieved. The detected initial signal can also indicate the start of the LAA DL transmission, in a more efficient way by requiring less UE complexity than the demodulation of physical channel, e.g., PDCCH/EPDCCH. In addition, it is feasible to take this initial signal as a complementary signal to current CRS/DMRS embedded within DL transmission bursts for fine synchronization for the first fractional subframe demodulation, especially for fine frequency synchronization in short partial subframes that may only contain one OFDM symbol with CRS or two adjacent OFDM symbols with DMRS. 
Observation 1: It is beneficial to use an initial signal to help achieve time/frequency synchronization as well as to determine the start of a DL transmission burst.
2.2 Without an initial signal
There is no initial signal/preamble before DL transmission burst. In this case, the UE can be aware of the start of the transmission on a LAA Scell by PDCCH/EPDCCH detection with limited number of starting points to limit the number of blind detection attempts. The blind detection of an eNB transmission would have to be performed by identifying whether a PDCCH/EPCCCH is transmitted, irrespective of whether a UE would be scheduled to receive a DCI. From UE perspective, only coarse synchronization may be assumed either by the unguaranteed DRS or by the synchronization reference from licensed CC, so the UE is supposed to blindly detect the PDCCH/EPDCCH without fine synchronization. The UE may have to keep buffering the current subframe based on coarse synchronization, then the inter-symbol-interference caused by the negative timing offset (based on coarse synch) may not be compensated, which would lead to performance loss.
In Rel-11 Quasi-co-location scenario, one UE may receive PDCCH from its serving cell and the corresponding PDSCH from another coordination cell. In this case, at UE side, the time/frequency offsets for PDCCH and PDSCH are different due to the geographically separated antenna deployment. For demodulation, the UE is assumed to have a common FFT timing and is supposed to keep tracking on the serving cell and do some post-FFT phase correction in frequency domain for PDSCH using RS embedded within PDSCH subframe. In this case, the ISI caused by negative timing offset would only impact on PDSCH demodulation and the UE is supposed to deal with at most 0.5us negative timing offset according to the test requirement [3]. 
For LAA, the ISI issue would be more serious since the possible negative time offset would be larger than 0.5us and the ISI would impact on both PDCCH/EPDCCH and PDSCH demodulation in the first (fractional) subframe. To reduce the impact of ISI, two options are considered: 

Option 1: Double processing the buffered first subframe.
Option 1 requires twice processing efforts of this buffered first subframe in time domain, once for estimating the accurate time/frequency offsets and the other for PDCCH/EPDCCH/PDSCH demodulation with the estimated fine synchronization. In this case, one extra FFT operation is needed, so that the current processing time relationship would be disturbed and some additional hardware implementation complexity is required. 
Option 2: Specially process the buffered first subframe.

In Option 2, the UE may use a shorter length instead of the normal CP length to remove the CP of the first OFDM symbol, to ensure not wrongly removing valid data region due to lack of fine synch. For the other OFDM symbols in this subframe, the implementation are the same as before. This method will reduce the impact of ISI to some extent. Assume the CP length is L1, the length used to remove the CP of the first symbol is L2, then it may reduce the impact of coarse timing offset if the offset value between fine timing  and coarse timing is within the range of [-(L1-L2), L2]. However, this method may reduce the effective CP and correspondingly reduce the coverage of the LAA cell, e.g., the maximum delay is smaller than half of the CP length. Option 2 is illustrated in Figure 1.
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Figure 1 Reduce the ISI impact by specially processing the buffered subframe
To achieve enough synchronization accuracy for good demodulation of the initial subframe, the time duration of data region in initial fractional subframe should be large enough, say, more than 4 OFDM symbols. Even if the ISI issue may be solved by one of the methods above, acquiring sufficiency fine frequency synchronization only based on DMRS or CRS may be not possible if the number of minimum allowed OFDM symbols for PDSCH transmission is less than one slot. In addition, the AGC setting may also impact the PDCCH/EPCCCH demodulation.
Observation 2: Without an initial signal, at least the demodulation performance of the first subframe may not be guaranteed.
3 Comparison of different UE behaviours 
Table 1 gives the comparison of different UE behaviours for both with and without initial signal. For the case without an initial signal transmission, UE behaviours of both Option 1 and Option 2 analyzed above are considered.
Table 1 Comparison of different UE behaviours
	Functionalities
	W/ an initial signal
	W/O an initial signal

	
	
	Option 1
	Option 2

	Channel reservation
	Initial signal
	Padding
	Padding

	AGC Setting
	Initial signal
	The first effective symbol
	The first effective symbol

	Detection of the start of a DL transmission burst
	Initial signal;

Low complexity;
Good performance
	PDCCH/EPDCCH detection with limited starting points;

High complexity;
Poor performance
	PDCCH/EPDCCH detection with limited starting points;

High complexity;
Poor performance

	Fine time synchronization
	Coarse synchronization is not required; 
Use initial signal;
Frequency domain compensation is not required;
Accurate time offset estimation
	Coarse synchronization is required;

Use RSs imbedded within PDSCH;
Frequency domain compensation is not required;
Accurate time offset estimation
	Coarse synchronization is required;

Use RSs imbedded within PDSCH;

Frequency domain compensation is required;
Accurate time offset estimation 

	Fine frequency synchronization
	Use initial signal and RSs imbedded within PDSCH;

Frequency domain compensation is required;
Accurate frequency offset estimation
	Use RSs imbedded within PDSCH;
Frequency domain compensation is not required;
Less accurate frequency offset estimation for less than 1 slot PDSCH transmission
	Use RSs imbedded within PDSCH;

Frequency domain compensation is required; 

Less accurate frequency offset estimation for less than 1 slot PDSCH transmission

	Demodulation of the first (fractional) subframe 
	No ISI impact;

Acceptable complexity
	No ISI impact;

Two FFT operations are required;

High complexity
	No ISI impact within a certain range of timing offset;

Acceptable complexity


As shown in Table 1, in case of no initial signal, the correct detection of PDCCH/EPDCCH and corresponding high complexity is necessary to determine the start of a DL transmission burst, compared to the blind detection of an initial signal, e.g. an extended PSS/SSS in the frequency domain. Also the correct detection of PDCCH/EPDCCH highly depends on the correct AGC setting as well as UE fine synchronization with the LAA Scell. From demodulation point of view, Option 1 requires two FFT operations which may lead to high implementation complexity, while Option 2 may have performance loss since the ISI issue may not be completely solved. 
On the other hand, the combination of the initial signal and the RS embedded in the DL transmission burst is beneficial to accurate frequency offset estimation in short partial subframe case. Therefore, an initial signal before each DL transmission burst is preferred to detect the start of a DL transmission burst and to obtain a trade-off between demodulation performance and receiver’s complexity.
Proposal: Introduce an initial signal transmitted at the start of a DL transmission burst. The demodulation performance (fine time and frequency synchronization) requirements should be based on the combination of the initial signal and the RS embedded in the DL transmission burst.
4 Conclusion
In this contribution, UE synchronization with or without an initial signal on a LAA Scell are further discussed. The following observations and proposal are made:

Observation 1: It is beneficial to use an initial signal to help achieve time/frequency synchronization as well as to determine the start of a DL transmission burst.
Observation 2: Without an initial signal, at least the demodulation performance of the first subframe may not be guaranteed.
Proposal: Introduce an initial signal transmitted at the start of a DL transmission burst. The demodulation performance (fine time and frequency synchronization) requirements should be based on the combination of the initial signal and the RS embedded in the DL transmission burst.
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