
3GPP TSG-RAN WG1 #80bis
R1-151749
Belgrade, Serbia, 20th – 24th April, 2015
Agenda item:
7.2.4.2
Source: 
NVIDIA
Title: 
Time and frequency synchronization for LAA
Document for:
Discussion and Decision
1. Introduction
During the RAN1 LAA adhoc meeting, extensive discussions took place regarding time and frequency synchronization in LAA, in particular related to the use of discovery signals for the purpose [1]. However, no agreements were reached. Furthermore, in RAN1#80, the following was agreed:

Agreements:

· Functions that can be supported by one or more signals to be transmitted from the beginning of a discontinuous LAA downlink transmission can include at least one of the following

· AGC setting

· Channel reservation

· Note: Transmission of the signal(s) may not be required 

· At least functions that may need to be supported for discontinuous LAA downlink transmission operation by one or more signals include at least one of the following

· Detection of the LAA downlink transmission (including cell identification)

· Time & frequency synchronization

· Other functionalities if necessary

· Note that it is not precluded the same signal is used for all above and possibly other functions

· The above functionalities can be supported by other methods (including assistance from licensed carrier)

In this contribution we provide further considerations on time and frequency synchronization for LAA demodulation.

2. Time and frequency synchronization for demodulation
The use of discovery signals for time and frequency synchronization and tracking purposes was already discussed extensively during the Release 12 small cell on/off studies. At that time, it was concluded not to be sufficient. In particular, it is unclear in RAN1 whether the discovery signal periodicity of 40 ms to 160 ms can be enough for maintaining the time and frequency synchronization at the UE at a sufficiently precise level. In the past NCT studies, 5 ms periodicity was still considered sufficient. Therefore, RAN4 consultation would be required before anything more than 5 ms can be assumed. It should be noted that the requirements for synchronization precision in case of LAA are rather strict due to the support of high order modulations such as 256QAM and MIMO transmission.

The synchronization problem can be further split into two different aspects: whether the UE can even maintain its coarse synchronization required for FFT processing, and whether the UE is further able to track the time and frequency (i.e. perform fine time and frequency tracking) after the FFT. 
Regarding the first aspect, the main issue that is different in LAA compared to the Release 12 studies is that now, due to LBT, there is even no guarantee that discovery signals would be actually transmitted. Thus, there could in the worst case be very long periods of time when the UE has absolutely no chance of obtaining synchronization. Thus, clearly some fail-safe mechanisms would be needed to ensure that the UE has a possibility of updating its FFT time and frequency synchronization sufficiently close before the actual data transmission burst reception. This can be achieved for instance via a preamble transmitted in the beginning of a transmission burst (always). As an alternative, it has also been proposed that some kind of timer similar to the uplink timeAlignmentTimer could be utilized, basically defining how long the UE can be assumed to be synchronized by the eNB. Though not our first preference, this approach could be studied further if a preamble-based mechanism is not deemed suitable.

The second aspect of time and frequency tracking after the FFT (assuming coarse synchronization is successfully obtained) also requires careful consideration. The impacts of imperfect fine synchronization were studied already extensively during the Release 11 quasi-colocation studies. It was observed that time and frequency offsets cause linear phase ramps in frequency and time, respectively, further causing problems in channel estimation, in particular in fairly flat channels which can be safely assumed to be the main scenario in LAA. In principle, again assuming that coarse synchronization is properly obtained, the UE could have a chance of synchronizing more precisely using CRS. However, based on the discussions during the LAA adhoc meeting, it seems uncertain whether CRS will be even present in every subframe in LAA. On the other hand from the quasi-colocation and NCT studies it is also known that UE-specific RS are not suitable for fine time and frequency synchronization.
Observations:
· For LAA, the synchronization precision requirements are rather strict considering the use of high‑order modulations and MIMO.

· In the past studies, 5 ms periodicity for signals used for synchronization has been deemed sufficient, however there is no evidence that discovery signals with a (much) longer periodicity would be sufficient.
· This is the main reason why dynamic small cell on/off schemes were not adopted in Release 12.
· For coarse synchronization, LBT may cause very long time periods during which the UE has no possibility to re-synchronize.

· A fail-safe mechanism is needed to guarantee that the UE is in sync when the data transmission starts.

· Fine synchronization anyway needs to be performed when receiving the data transmission burst. 
· Currently it is not clear that CRS will always be available.

· UE-specific RS are known not to be sufficient. 

It was also discussed why in some other cases, such as in uplink and in D2D the synchronization is left mainly as a receiver responsibility with very little additional specification support. However as it was also noted, the requirements in terms of high order modulation and MIMO reception are also very different in these cases. Furthermore, in uplink for example, there is a timeAlignmentTimer basically making sure that the FFT timing is kept. Also the DMRS in uplink (and in D2D) are more dense than in downlink (24 REs per PRB pair as opposed to 12 REs), enabling time and frequency tracking with improved performance. Thus these cases can not really be compared with LAA downlink.
Based on the above, we believe that a separate preamble transmitted in the beginning of each downlink transmission burst should be adopted in LAA. This is a fail-safe mechanism that enables synchronization independently of how much delay between the transmissions LBT introduces. Furthermore the same preamble can serve several other purposes, such as AGC. There has been some discussion about the related overhead, however if the data transmission start and stop locations are not restricted too much, the overhead due to a preamble can be as little as 3.6% for a 4 ms maximum channel occupancy time. 
Proposal 1:

· For time and frequency synchronization, introduce a preamble that is transmitted in the beginning of each LAA downlink transmission burst.
An alternative to a preamble (which is always transmitted in the beginning of a transmission burst) would be to consider that the UE remains synchronized and is capable of fast reception whenever a transmission burst starts. However, if this approach is adopted, due to LBT some conditions will obviously need to be defined for when the UE can be assumed to be synchronized by the eNB. Furthermore, it needs to be ensured that signals which can be used for fine time and frequency tracking exist within the first subframe of the transmission burst. As mentioned, UE-specific RS are not considered suitable for this purpose.

Preamble design
If a preamble would be adopted as proposed, the existing signals should obviously be considered as a starting point. Purposes of the preamble, in addition to time and frequency synchronization, could be at least AGC setting and possibly signal detection and cell identification.  It becomes then important to ensure that all the functions of the preamble will not consume too many OFDM symbols in order to avoid increasing the overhead excessively. One possibility is to consider signals that are repetitive in time-domain, even within one OFDM symbol. Such signals are obtained by mapping a signal to every Nth subcarrier in frequency domain. In this case the first repetitions could be used for AGC and signal detection, while synchronization could be achieved using the end of the symbol as illustrated in Figure 1. Similar signals are already successfully utilized in the IEEE 802.11 –based systems, for the same purposes. To reuse existing signals, one possibility, especially if cell identification is also needed, would be to map the existing PSS/SSS signals on every Nth subcarrier (N depending on the signal bandwidth). This would also enable reuse of existing PSS correlator functionality at the UE side (with a higher sampling rate), and also reuse of existing SSS detection functionality.
Proposal 2:

· For the preamble, consider signals leading to a repetitive signal in time domain.
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Figure 1. Illustration of the correlator output for a preamble that is repetitive in time domain. The first part of the signal could be used for signal detection and AGC and the latter part for time and frequency synchronization.
3. Conclusion 
In this contribution, we have discussed time and frequency synchronization for LAA. Our proposals are as follows:
Proposal 1:

· For time and frequency synchronization, introduce a preamble that is transmitted in the beginning of each LAA downlink transmission burst.

Proposal 2:

· For the preamble, consider signals leading to a repetitive signal in time domain.
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