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1 Introduction

One of the LAA study item objectives is to identify candidate detailed solutions, including both UL and DL transmission in unlicensed spectrum [1]. In this contribution we discuss aspects of synchronization for LAA secondary carriers. Signals should be provided for initial synchronization (i.e., cell search) as well as finer synchronization/tracking. One issue is that signals for finer synchronization/tracking cannot easily be transmitted in a periodic fashion. Hence, we discuss the use of a preamble to provide synchronization for the data transmissions. 
2 Motivation of Support of Synchronization for LAA Secondary Carriers 
Licensed Assisted Access (LAA) aims to use the unlicensed spectrum, on which WiFi is currently deployed. In LTE-WiFi coexistence case, legacy LTE may impact WiFi transmission significantly since LTE eNodeB normally transmits continuously while WiFi needs to comply with Listen-Before-Talk (LBT). To ensure fair co-existence with WiFi, it is agreed for LAA to support LBT and discontinuous transmission as well as limited maximum transmission duration on a carrier in the unlicensed band [2]. The LAA eNodeB can only start transmission when the channel is clear as measured by Clear Channel Assessment (CCA). After a transmission of limited maximum duration, the LAA eNodeB needs to release the channel and perform CCA again to use the channel, resulting in opportunistic transmission with maximum transmission time of around 13 ms for LBE and 10 ms for FBE, as illustrated in Figure 1
. The gap length between two transmissions could be variable and is affected by other transmitting Nodes, e.g. WiFi Nodes and LAA eNodeBs.
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In LTE, synchronization signals, i.e. PSS and SSS, are sent periodically in every radio frame. The UE performs initial synchronization (i.e., identifies a cell) based on PSS/SSS and performs RRM measurements on the CRS. It may also perform finer synchronization/tracking based on downlink signals, e.g. PSS/SSS, CRS or CSI-RS. For LAA secondary carriers, initial synchronization may be performed based on the periodic or quasi-periodic signals as well, e.g. discovery reference signal. The discovery reference signals for LAA may be not ideally periodic, i.e. quasi-periodic, if the discovery reference signals need to also comply with LBT. 
After initial synchronization is achieved, the UE may lose the synchronization to the LAA eNodeB after a transmission gap of uncertain length between the previous transmission and the current transmission. The loss of synchronization may be caused by the oscillator drift and the mobility. Note that the UE may not be able to rely on the primary carrier frequency tracking because the Doppler frequency shift could be quite different on the primary carrier and the secondary carrier due to significantly different carrier frequencies. In addition, the primary carrier downlink timing would be different with the secondary downlink timing in some deployment scenarios, e.g. non-collocated macro LTE eNodeB and LAA eNodeB case. Thus each carrier should transmit the necessary synchronization signals.
Relying only on the periodic or quasi-periodic synchronization signals for LAA finer synchronization/tracking could be very inefficient in terms of resource utilization. If the LAA eNodeB measures the channel as clear at a time which is not defined for PSS/SSS transmission, the UE which lost synchronization may not be able to get synchronized and the downlink data transmission may have to be delayed. For example, if synchronization signals are sent as part of discovery reference signals of periodicity of tens of ms, the LAA eNodeB may have to wait for an unreasonably long gap which at least lasts until the next periodic occasion, or probably even longer if the LAA eNB is not allowed to transmit DRS at the next occasion.
Relying on aperiodic signals for LAA finer synchronization/tracking is therefore more efficient. Once the LAA eNodeB measures the channel as clear, it transmits a preamble for re-synchronization, and then the data. The UE gets synchronized to the LAA eNodeB based on the aperiodically transmitted preamble and is able to demodulate data immediately after the preamble. Therefore the LAA eNodeB should support synchronization on the secondary carrier by means of transmitting aperiodic preamble before data transmission.
Proposal 1: The LAA eNodeB should support synchronization on the secondary carrier by means of transmitting aperiodic preamble before data transmission. 
3 Design Principles for LAA Secondary Carrier Synchronization
3.1 Preamble for Synchronization

For LBE, the CCA may happen at any time and the CCA success may happen at any time accordingly. It was agreed at RAN1 #79 that at least for LBE, some signal(s) can be transmitted by eNodeB between the time eNodeB is permitted to transmit and the start of data transmission, at least to reserve the channel [3]. The starting time of the signals is immediately after CCA success and potentially does not fit into the OFDM symbol timing, resulting in potentially fractional OFDM symbol with variable length from zero to one complete OFDM symbol. As discussed in Section 2, the signals transmitted before data transmission shall be able to be used for synchronization. A fractional OFDM symbol with variable length is obviously not sufficient for synchronization as minimum signal energy would be not ensured. Therefore complete OFDM symbol(s) for synchronization shall be transmitted before data transmission for LBE.
For FBE, the CCA happens in the end of a Fixed Frame Period. If a Fixed Frame Period fits exactly into subframe timing, the start of transmission can always happen at the subframe boundary, which allows the LAA eNodeB to transmit complete OFDM symbol(s) for synchronization without the need to transmit fractional OFDM symbols.  

An illustration of LAA transmission with Preamble is given in Figure 2. Here the preamble serves the purpose of both reservation of the channel and synchronization. The fractional OFDM symbol would not exist in case the timing eNodeB is permitted to transmit is exactly at the OFDM symbol boundary. 
For synchronization purpose, the preamble shall at least contain the cell ID information, which helps the UE to obtain the synchronization to the serving cell and also to neighbor cells. In addition, the preamble shall be used for time and frequency synchronization, where the time synchronization shall at least contain subframe timing, i.e. the information of subframe boundary. It is not clear that the time synchronization shall also contain frame timing given this may already be achieved by initial synchronization (or by SFN alignment among the serving cells) and may not be lost due to transmission gaps.
One further aspect is that, unlike LTE synchronization signal detection, which may be performed in multiple occasions, the detection of the LAA preamble shall be done on a one-shot basis. Otherwise the UE cannot correctly receive anything from the LAA eNodeB during the gap between two synchronization occasions, resulting in severe time resource waste. The transmission timing of the preamble is typically not fixed and the UE may need to continuously try to detect the preamble. For example, for LBE, the preamble may be transmitted at the start of the channel occupancy period, which is not fixed in time. Therefore, the UE may need to detect the LAA preamble very frequently and the UE is expected to detect the one-shot LAA preamble in a very short time. Hence, the preamble design allowing low-complexity detection shall be considered.   
Proposal 2: 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. 
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3.2 Preamble Transmission Power
One unexpected situation is that one LAA eNodeB starts transmission but during the transmission period other competing LAA eNodeBs or WiFi transmitting Nodes also are allowed to transmit while the received power at the competing Node side is above CCA threshold. This may happen if the transmitting LAA eNodeB is using different transmit power during the transmission period. One example is that the target LAA eNodeB transmits preamble symbols with lower power than data symbols, as illustrated in Figure 3a. In this case other competing Nodes may measure the channel as clear in the target LAA eNodeB preamble phase while in fact the power level received from the target LAA eNodeB during the data transmission phase would be higher causing the channel not clear. Consequently the competing Nodes start transmission during the target eNodeB data transmission phase and collision occurs. 
The other example is that LAA eNodeB transmits preamble symbols with higher power than data symbols as illustrated in Figure 3b. In this case other competing Nodes may measure the channel as busy in the target LAA eNodeB preamble phase while clear in the data phase. This power setting would be less inefficient than the previous example as it will not cause collision. However, it is still not preferable because if the preamble symbol power is set exactly the same as data symbol power, the competing nodes actually may be able to measure the channel as clear in the preamble phase and starts transmission earlier with the LBT principle fulfilled, resulting in increased overall system capacity.  
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Therefore equal or at least close to equal power allocation during LAA transmission would be preferred to avoid unexpected transmission collision from competing LAA eNodeBs or WiFi transmitting Nodes and to increase overall system capacity with the LBE principle fulfilled.
Proposal 3: The power of a complete OFDM symbol containing preamble should be equal to or at least similar to that of an OFDM symbol containing data as baseline.

3.3 Preamble Frequency Allocation
One major issue related to preamble frequency allocation is how much bandwidth is used, i.e. partial bandwidth or entire bandwidth. Partial bandwidth transmission results in higher PSD in a certain range of frequency and empty power in other certain range of frequency. Unequal power between data and preamble in frequency domain may occur since the data transmission is assumed to be over the entire bandwidth. This may further result in similar issue of transmission collision as discussed in Section 3.2 for the co-existence case of LAA eNodeBs with different bandwidth. Specifically, as shown in Figure 4, if the target LAA eNodeB of 20 MHz bandwidth transmits with partial bandwidth preamble, say 5 MHz, a competing LAA eNodeB of 5 MHz bandwidth may mistakenly measure the channel as clear over a 5 MHz as the target eNodeB does not transmit anything for preamble. The competing LAA eNodeB will start transmission when it is actually not allowed since the received power level from the target eNodeB is strong in the data transmission period, i.e. collision occurs.
 SHAPE  \* MERGEFORMAT 
[image: image4]


In addition, it would be beneficial to allocate preamble evenly over the frequency domain for interference management and CSI measurement. Thereby, the inter-cell interference caused by preamble will tend to be evenly distributed over the frequency, which helps to reduce inter-cell interference variation over the frequency domain. Furthermore, the inter-cell interference caused by preamble and data will tend to be similar as it follows similar distribution over the frequency, which helps to reduce inter-cell interference variation over the time domain. Neighbor cell users, when measuring CSI, will get finer CSI measurements due to reduced inter-cell interference variation over the frequency domain and time domain. 
Proposal 4: Preamble should be transmitted over the entire bandwidth and be evenly distributed in the frequency domain.
4 Conclusions
The motivation of support of synchronization for LAA secondary carriers, as well as some design principles for the preamble is discussed. It is proposed:
Proposal 1: The LAA eNodeB should support synchronization on the secondary carrier by means of transmitting aperiodic preamble before data transmission.

Proposal 2: 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. 

Proposal 3: The power of a complete OFDM symbol containing preamble should be equal to or at least similar to that of an OFDM symbol containing data as baseline.

Proposal 4: Preamble should be transmitted over the entire bandwidth and be evenly distributed in the frequency domain.
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Figure 2	Illustration of LAA transmission with preamble
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Figure 3	Competing node behavior in case of target LAA eNodeB transmission with unequal power
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Figure 4	Problem of partial bandwidth preamble in LAA eNodeB of different bandwidth co-existence case
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� For LBE, CCA is minimum 20 μs, extended CCA (eCCA) duration is a random factor N multiplied by the CCA time, where N is randomly selected in the range 1..q every time, q=4…32, and Channel Occupancy Time is <= (13/32) × q ms. For FBE, CCA is minimum 20 μs and performed in the end of IDLE period, Channel Occupancy Time is 1 ms at minimum and 10 ms at maximum, IDLE period is Minimum 5% of channel occupancy time and Fixed Frame Period =  Channel Occupancy Time + IDLE Period. 





