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1
Introduction
Synchronization of different cells in a network is a requirement for TDD operation in E-UTRAN (LTE). Additionally, it has the potential to provide significant performance benefits for Advanced E-UTRAN and Advanced E-UTRA (LTE-Advanced). These benefits are described in detail in [1] and [2] and we will summarize them in the discussion in this document. Synchronization is mandated for TDD cells and may also be recommended for future releases of FDD. 
In this document, we discuss the time synchronization and frequency error requirements for HeNBs. We then provide techniques by which HeNBs can meet such requirements, and focus on mechanisms for HeNBs to acquire synchronization from neighboring cells when a Global Navigation Satellite System (GNSS) signal or another suitable timing reference is absent.  

2
Discussion 
2.1
Benefits of Synchronization
It is well understood that synchronization is necessary for TDD systems. Additionally, there are several benefits of using synchronization for both FDD and TDD systems in LTE-Advanced.  These include:

· Synchronization is necessary to enable various Cooperative MultiPoint techniques (cooperative beamforming, joint processing) and inter-cell interference cancellation on both the DL and the UL 

· Inter-cell interference management techniques relying on time-division multiplexing (TDM) PHY channels or signals from different cells

· They allow solving the possible co-channel de-sense issue due to high power disparities without the need of frequency guards. 

· Synchronization to the eNB is a requirement for relays as they can’t transmit and receive in the same band at the same time. Thus they would need to TDM between reception from the eNB and transmission to the UE (and vice versa.)
· Possibility of enhanced interference estimation via and better protection against intra-subframe interference variations in the partial loading case.

· Positioning performance can be significantly enhanced in synchronized networks. 

· Channels from multiple cells could be received using a single FFT engine.

· This can reduce device cost (e.g. no need for a separate FFT engine to measure RSRP from neighboring cells) and improve battery life (can measure all sectors in a very short duration of time). 

· Can also allow for low complexity enhanced mobility procedures by allowing a UE to receive / send control channels from / to multiple cells. 

A more detailed description of these benefits may be found in [2].

2.2
Need for Self-Synchronization
Synchronization of eNBs typically relies on an external source of time, for example a GNSS system such as Global Position System (GPS). However, this can’t always be relied upon. Reasons include: 
· Manufacturing cost consideration, as GNSS receivers add to the expense. This is particularly important for picocells and home eNBs as it is desirable to keep the end consumer costs low.

· The lack of sufficient signal strength from the GNSS satellites. Again, this may be particularly important for home eNBs since these may be located indoors where the GNSS signal strength is weak.
Therefore, alternatives to GNSS are often required. In particular, it is beneficial to rely on synchronization to other cells. For example, a picocell or HeNB may choose to synchronize to a macro eNB (which in turn may be GNSS-synchronized).  In this document, we will refer to such a procedure as “self-synchronization.” A self-synchronizing eNB (say eNB1) may utilize a synchronization signal from another eNB (say eNB0) to derive its timing. Note that the synchronization signal may either be the Primary Synchronization Signal (PSS), Secondary Synchronization Signal (SSS) or the Common Reference Signal (RS) of eNB0.
In addition to time synchronization, a HeNB may also wish to derive its frequency from another eNB. This may be beneficial as HeNBs may have higher frequency errors compared to macro eNBs (e.g. due to oscillator cost considerations). 

2.3 
Interference Issues in Self-Synchronization 

Self-synchronization is susceptible to interference issues. In particular, cells that are in the vicinity of asynchronous cells may not be able to receive the synchronization signals from a farther off cell due to strong interference from the asynchronous cells. An illustrative example is shown in Figure 1.
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Figure 1  eNB2 interference prevents eNB1 from synchronizing to eNB0
In short, interference from a neighboring asynchronous cell may prevent a new cell from gaining synchronization. And each neighbor can prevent the other from synchronizing, even if each one could individually receive the sync signal when the other cell is not transmitting. In the above case, it should be noted that eNB2 may be a Release 9 cell that is not capable of self-synchronization, while eNB1 is a Release 10 / LTE-A cell that is capable of self-synchronization, but is unable to do so due to interference from the Release 9 cell. Therefore, for the purpose of future compatibility to support LTE-A techniques (as well as TDD), it is important that Release 9 cells be capable of self-synchronization.
Note that the interference problem exists even when eNB2 attempts to obtains its synchronization signal from eNB1. This is seen in Figure 2, where eNB2 is transmitting at the times when eNB1 is attempting to track the signal from eNB0. Note that if eNB1 loses its synchronization, eNB2 also loses its synchronization as it is tracking eNB1.
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Figure 2  eNB2 interference prevents eNB1 from synchronizing to eNB0

3
Coordinated Silence 
A simple method to mitigate the aforementioned issue would be to ensure that the interfering cell turns off its transmission when the interfered cell is searching for or tracking the synchronization signal (as mentioned before, the synchronization signal could be either the Primary/Secondary Synchronization Signals or the Common Reference Signal). This can be achieved by ensuring that all the self-synchronizing cells search for the synchronization signal at the same time. In the above example, it can be seen that if eNB1 and eNB2 search for the synchronization signal at the same time, they would not interfere with each other and hence be able to receive the synchronization signal from the eNB0. Note that a common notion of time is needed between the cells to search for the sync signal. This could be done either via over-the-air measurements of the other cell’s synchronization signal or via a backhaul protocol such as the Network Time Protocol (NTP). In the latter case, there will be errors in the estimate of the common time; hence a larger search interval may be needed. Note that in the case of TDD cells, this is not required if asynchronous TDD cells are not allowed to transmit.
Once the search is completed, the cells need to continue tracking the synchronization signal periodically (to account for clock drifts caused by frequency error.) This should be done by ensuring that the cells track the synchronization signal at the same time, so that they don’t interfere with each other. Figure 3 shows coordinated silence in which eNB1 tracks eNB0 without interference from eNB2. Additionally, eNB2 tracks the synchronization signals from eNB1.
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Figure 3  eNB2 provides a silence interval that allows eNB1 to synchronize to and track eNB0

Note that the tracking can be done at very low periodicity (order of a few seconds or higher) as the clock drifts are usually in the order of parts per million. Since the PSS, SSS and RS [3] in LTE only occupy a fraction of a millisecond, the fraction of time for which the self-synchronizing cells are not transmitting their own PSS, SSS or RS is very small. Hence the impact of self-synchronization on UEs is negligible and should be indistinguishable from a misdetection due to fading or noise. Thus co-ordinated tracking may be achieved with no impact on either the over-the-air waveform or the UE performance. It should be noted that co-ordinated tracking is also beneficial for correcting the frequency error at the HeNB.
In order to achieve satisfactory performance, the nodes must co-ordinate their silence periods, and utilize these opportunities to achieve and maintain synchronization. This issue needs to be tackled jointly by RAN3 and RAN4. RAN3 can provide support for coarse co-ordination of the silence periods using a backhaul protocol like NTP while RAN4 needs to analyze the impact of co-ordinated silence on UE performance, as well as the duration and periodicity of coordinated silence intervals.  
4
Conclusion
We have demonstrated the need for self-synchronization for TDD as well as FDD, and discussed a simple self-synchronization technique that does not require any new over-the-air signalling or any UE changes. Consequently, we request RAN4 to further study the benefits of synchronization, the synchronization and frequency error requirements for HeNBs and corresponding UE impact.
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