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1. Introduction
It has been recognized that LAA based on listen-before-talk requires introduction of discontinuous transmissions and some type of fast on/off functionality for the LAA SCells. As noted during the small cell on/off development in Release 12, time/frequency synchronization and measurements at the UE side become then important aspects to be considered. Regarding these aspects, in RAN1#79 the following agreement was made:
Agreements:
· Support at least the following functionalities in addition to the current LAA TR on the unlicensed band
· RRM measurement including cell identification
· AGC setting
· Coarse synchronization
· Fine frequency/time estimation for at least demodulation
· CSI measurement, including channel and interference
· Rel-12 DRS can be the starting point for at least RRM measurement including cell identification
· The following functionalities are supported by legacy specifications and/or implementations

· Transmit Power Control as per regulatory requirement

· Dynamic frequency selection for radar avoidance at eNB in certain bands/regions
· FFS: if the DFS for radar avoidance is needed to be supported in the UE

In this contribution we discuss the aspects of synchronization and measurements in LAA further.

2. Discussion
During the Release 12 discussion on small cell on/off, the biggest problem and obstacle for introducing new functionalities was the maintenance of time and frequency synchronization as well as enabling proper AGC operation at the UE side during cell off-to-on transitions. Since listen-before-talk requires introduction of dynamic cell on/off, it should be clarified how the time and frequency synchronization are performed. A related aspect is cell discovery and RRM measurements. Due to LBT, the UE cannot rely on continuous CRS transmissions, or even on strictly periodic discovery signal transmissions, and hence it needs to be clarified how RRM measurements are done at the UE side.

It was already agreed that the subframe boundaries of the LAA SCell are synchronized with PCell similarly to the existing CA rules. However, there can still be roughly a 30 µs timing difference between the cells, and since the cells may be non-co-located, the timing synchronization needs to be done independently for the LAA SCell. However, the PCell timing can be used as prior knowledge of the rough timing of the SCell.

There are two different aspects to synchronization and measurements, the time and frequency tracking and AGC setting required for demodulation, and the synchronization and RRM measurements required for cell discovery. The first aspect is discussed in Section 2.1 while the latter issue is discussed in Section 2.2.
Time and frequency tracking for demodulation
The issues of not synchronizing accurately in time and frequency have been thoroughly studied and the impacts quantified during the Release 11 discussion on quasi-colocation. Thus it is clear that when receiving control and data after a cell off state (e.g. due to LBT), the UE needs to obtain time and frequency synchronization to be able to perform demodulation properly. For this, two potential approaches could be considered, which we call here non-data-associated and data-associated synchronization:

1. Non-data-associated synchronization: The UE obtains and tracks time and frequency synchronization using (quasi-)periodically transmitted signals, e.g. discovery signals or other similar signals.

2. Data-associated synchronization: The UE obtains and tracks time and frequency synchronization using signals transmitted in the beginning of each transmission burst, before the data transmission. The IEEE 802.11 –based systems basically operate this way with a special preamble transmitted before the actual data transmission.

However, there are several problems with non-data-associated synchronization: First, the discovery signals are also subject to LBT and hence are not guaranteed to be actually transmitted. Thus there would not be any guarantee that the UE could maintain its synchronization and be in-sync when the data burst starts. Of course, according to the ETSI rules, periodic discovery signals could be considered as LBT-exempt short control signals, however the same approach would not be applicable in Japan. Second, even if discovery signals could be utilized, currently RAN1 does not have a proper understanding of the discovery signal periodicity required to maintain proper synchronization. This was also one of the main problems during Release 12, where discovery signals were also proposed as a synchronization reference for small cell on/off purposes.
Therefore we prefer data-associated synchronization and introduction of specific signals for this purpose at the start of the DL data transmission burst. This guarantees that the UE has always a possibility of synchronizing before starting the data reception. Obviously the existing downlink signals (or their extensions/modifications) can be considered for this purpose.

In RAN1#79, it was identified that in LBE-based downlink, a special channel reservation signal needs to be anyway transmitted to reserve the channel before the data transmission can commence. In our view this channel reservation signal should have a minimum length of e.g. 1-2 symbols such that it can be utilized also for the data-associated synchronization. This requires an extra overhead of a few symbols, however as also discussed in [1], even with the rather short 4 ms maximum channel occupancy time the total overhead is dominated much more by the potential unused symbols within the transmission burst than by the minimum length channel reservation signal. Thus, as discussed also in [1], rather than optimizing the overhead due to the minimum length channel reservation signal, methods to utilize partial subframes in LBE-based DL should be considered.

Observations:

· Non-data-associated synchronization for demodulation purposes based on periodic discovery signals has the following problems:
· Due to LBT there is no guarantee on the transmission of the signals, hence there is no guarantee that synchronization can be maintained. 

· The required periodicity to properly maintain synchronization for demodulation purposes seems to be currently unknown to RAN1.
· It is not clear if this approach is feasible with any reasonably long periodicity.
· Data-associated synchronization based on signals transmitted at the start of each transmission burst guarantees that the synchronization is achieved before receiving data.
Accordingly, we propose that data-associated synchronization should be considered, meaning that each data burst should be preceded by signals that can be used for synchronizing in time and in frequency, and for setting the AGC level. It is noted that this does not mean that separate (quasi-)periodic discovery signals would not be needed at least for cell discovery and RRM measurement purposes as discussed in the next section.
Proposal 1: 
· Consider data-associated synchronization signals for LAA DL, i.e. signals transmitted at the beginning of each transmission burst.

Finally, it is noted that synchronization upon SCell activation will need to be considered separately still as it is not fully clear whether the above procedure would be sufficient for SCell activation.
Cell discovery and RRM measurements

A related issue is how the UE performs LAA SCell search and RRM measurements. With the Release 12 activation/deactivation -based small cell on/off mechanism, the UE does cell discovery based on discovery signals, and it was already agreed that these signals serve as a starting point also for LAA SCell discovery and RRM measurements. However, some modifications may be required. In particular, the LBT procedure places some challenges for the full reuse of the existing discovery signals:

· LBT may prohibit the eNB from transmitting the discovery signals in the exact configured subframe(s).

· LBT may disrupt the transmission of discovery signals that are sparse in time even within a subframe. For instance, the gap between two CRS OFDM symbols may cause another eNB or RAT to gain access to the channel as the eNB is basically silent during that time.
In addition to the above, it is not clear whether the existing PSS/SSS are sufficient to fulfill the channel bandwidth –related regulations.

Regarding the first problem, two basic approaches can be considered:

1. Triggered (aperiodic) discovery signal measurements: The UE is signaled, e.g. via (E)PDCCH of the PCell, an indication to measure SCell. This method, while otherwise feasible, may lead to some problems due to LBT: The eNB first has to gain access to the LAA channel and reserve it, and only after that the (E)PDCCH trigger can be transmitted to the UE, basically after the next subframe boundary. Thus, the delay from reserving the channel to the actual transmission of the discovery signals may become rather large as the eNB may require some time to transmit the (E)PDCCH trigger. With this method, only intra-eNB cells can be measured due to the required dynamic indication. However, this should not be a big disadvantage as other cells anyway can not be configured as SCells to the UE.

2. Quasi-periodic discovery signals and blind detection at the UE side: In this approach the discovery signals are transmitted within a certain periodically occurring time window known by the UE. Basically the signals are transmitted if the access to the channel is gained (via LBT) during the discovery signal time window. The UE has to detect the presence and the exact location of the discovery signals. This means that averaging across multiple discovery signal occasions may not be possible. On the other hand, if the measurement signal bandwidth is 5 MHz, even single-shot measurements should have sufficient performance. However this will depend on the exact design of the LAA discovery signals.
Regarding the second problem, some modifications may be required, e.g. transmission of only specific symbols of the discovery signal as part of each discovery signal occasion. Regarding this, further studies may be required.
Finally, as proposed in the previous section, in our view data-associated synchronization signals should be considered for enabling the UE to synchronize before demodulation in each burst of data. Since, if introduced, the data-associated synchronization signals should be transmitted as part of each transmission burst including the discovery signal transmission bursts, it would be natural that these signals could be also for cell discovery and RRM measurements. Thus it should be considered that the channel reservation signals or synchronization signals are the same as discovery signals, e.g. (possibly modified) PSS/SSS. This approach would enable the UE to perform opportunistic cell discovery and RRM measurements whenever a cell is transmitting data, in addition to doing it based on the (quasi-)periodic discovery signals. Increasing the possibilities of the UE to perform measurements would be beneficial since discovery signals are subject to LBT and can not be transmitted by multiple cells simultaneously.

Observations:

· LBT causes the following problems to full reuse of Release 12 discovery signals:
· LBT may prohibit transmission of the discovery signals in the exact configured subframe(s).

· LBT may disrupt transmission of CRS that are sparse in time within a subframe.

Proposal 2:

· To resolve the issues related to transmission of periodic discovery signals under the LBT rules, study aperiodic discovery signals and blind detection of discovery signals.

3. Conclusion 
In this contribution, we have discussed the cell discovery, RRM measurements and time and frequency synchronization in LAA SCells. On time and frequency synchronization, we have the following proposal:

Proposal 1: 
· Consider data-associated synchronization signals for LAA DL, i.e. signals transmitted at the beginning of each transmission burst.

Since LBT disrupts transmission of discovery signals as they are defined in Release 12, we propose:

Proposal 2:

· To resolve the issues related to transmission of periodic discovery signals under the LBT rules, study aperiodic discovery signals and blind detection of discovery signals.
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