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1. Introduction

RAN4 has made a discussion on TDD HeNB synchronization requirements [1], and three typical synchronization schemes are discussed for the TDD HeNB synchronization, including GNSS/GPS, IEEE 1588v2 and network listening. As a result, network listening in the air interface, which can be used as a solution when the synchronization from GNSS/GPS and IEEE 1588v2 could not be obtained, has been agreed by RAN4 as an essential synchronization scheme for TDD HeNBs. Then the LSs to RAN2/SA5 for necessary signalling support have been sent out by RAN4. Later, in 3GPP RAN #46 plenary meeting in December 2009, RAN discussed the way forward on “synchronization using network listening” [3] based on the LS sent by RAN4 [2], and would like to ask RAN3 to investigate the possibility to define the backhaul signalling required for TDD HeNB synchronization, including the stratum level and synchronization status of a TDD Home eNodeB in Rel9 [4]. 
In this contribution, typical air interface synchronization scenarios for TDD HeNBs are described and some requirements on TDD HeNB synchronization are given as well. Base on these signalling requirements, we show the signalling over backhaul is necessary for deploying the TDD HeNB and kindly request RAN3 to add the necessary signalling for TDD HeNB synchronization. 
2. TDD HeNB air interface synchronization requirements 
The main purpose of the cell synchronization for E-UTRA TDD is to avoid the interference. This interference is produced when TDD downlink and uplink timeslots overlapping caused by non-cooperative timeslot assignment or shifting timeslot due to timing error and propagation delays. On the other hand, the GNSS/GPS in the macro cell can provide the most accurate synchronization accuracy (O(100ns)), so that a TDD HeNB should try its best to synchronize with a macro cell. 
Since the placement of HeNBs cannot be controlled by the operators, not all TDD HeNBs may be covered by the macro cell [5], therefore, the network listening is necessary for several typical scenarios by listening the synchronization signal including Primary Synchronization Signal (PSS),  Secondary Synchronization Signal (SSS) and Common Reference Signal (CRS). 
2.1. Scenario 1: HeNBs all in the coverage of TDD macro eNB
Deploying HeNBs in the coverage of TDD macro cells is a typical indoor scenario. In this case, HeNBs should synchronize with the TDD macro cells. When a HeNB is powered on, it should scan all the frequency to find the suitable TDD macro cell to synchronize with. If the HeNB can detect synchronization signals from both TDD macro cells and other HeNBs, it should synchronize with the TDD macro cells with absolute priority. On the other hand, there maybe exists the scenario that the HeNB can detect more than one TDD macro cells simultaneously. In this case, the HeNB should select a macro cell with the best RSRP as the synchronization reference or by some other principles. As shown in Figure 1, HeNBs A, B and C are all in the coverage of TDD macro eNB, so all of them should synchronize with the TDD macro eNB. For instance, HeNB A chooses the TDD macro eNB as the synchronization reference, even though the signal quality from the HeNB B or C may be better than the macro cell. It is because that multi-hop connection will lead to accumulated timing error and reduce the synchronization accuracy.
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Figure 1. HeNBs all in the coverage of TDD macro eNB 
2.2. Scenario 2: HeNBs partly in the coverage of TDD macro eNB
Due to the random location of HeNB deployment, it is likely that only parts of HeNBs are in the coverage of TDD macro eNB. This scenario can be illustrated in Figure 2. The HeNB A is in the coverage of a macro cell, where a typical deployment is to place HeNB A on the windowsill. As described in section 2.1, when HeNB A is powered on, it will monitor the synchronization signals from the TDD macro cell. The HeNB B and HeNB C are out of the coverage of the macro cell but in the coverage of HeNB A, where this case is likely to happen if HeNB B or C is placed in a bedroom with thick exterior walls or obstacles. For this kind of scenario, HeNBs out of the coverage of TDD macro eNB should select an already synchronized HeNB cell as the target synchronization cell. When HeNB B or C is powered on, they can not find any macro cell, so a trade-off solution is to select the HeNB A as the synchronization reference. 
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Figure 2. HeNBs partly in the coverage of macro eNB
2.3. Scenario 3: HeNBs all out of the coverage of TDD macro eNB
In the scenario 3, all the TDD HeNBs are out of the coverage of TDD macro eNB, which could be referred to as isolated HeNBs. None of them can obtain accurate synchronization signals since no direct or indirect GNSS/GPS timing can be captured. In this case, isolated HeNBs should be allowed to be self-synchronized. For example, in Figure 3, all the HeNBs A, B and C are out of the coverage of TDD macro eNB. If HeNB A is powered on first, it can not detect any macro cell or HeNB cell, and then it will self-synchronize with its own local frequency. Afterwards, when HeNB B is powered on, it may derive its synchronization from the HeNB A. Finally, when HeNB C is powered on, because it is out of the coverage of HeNB A but in the coverage of HeNB B, it can derive its synchronization from HeNB B. 
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Figure 3. HeNBs all out of the coverage of macro eNB

2.4. Scenario 4: HeNBs deployed between the coverage of isolated HeNBs and TDD macro eNB (or HeNBs synchronized with TDD macro cell)
A more complicated synchronization scenario is shown in Figure 4, where a new HeNB may be deployed in coverage of isolated HeNBs and the TDD macro eNB, or deployed in coverage of isolated HeNBs and other HeNBs which have already synchronized with the TDD macro cell. In Figure 4, when HeNB A is powered on first, it will synchronize with the TDD macro eNB, since it is in the coverage of the macro cell. Secondly, the HeNB B is powered on, because the HeNB B is out of the coverage of both the macro eNB and the HeNB A, it will be self-synchronized. Lastly, when a new HeNB C is deployed between the coverage of the HeNB A and the isolated HeNB B, it should select the HeNB A as the target synchronization cell, since the HeNB A has more reliable timing directly obtained from the macro eNB. 
The HeNB B is asynchronous to the macro eNB and should not be regarded as a better reference than the HeNB A, even if the detected RSRP of the HeNB B is stronger than that of the HeNB A. Therefore, it is necessary to enable a new deployed HeNB to distinguish the synchronization status of a target HeNB that indicates whether it is self-synchronized or synchronized with more reliable macro eNBs.
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Figure 4. HeNBs deployed between the coverage of isolated HeNBs and HeNBs synchronized with TDD macro cell
3. Backhaul signaling required to support TDD HeNB deployment scenarios
From above typical deployment scenarios we can conclude that the multi-hop synchronization requirement should be satisfied for TDD HeNBs [1, 2] and whether the target cell for synchronization is self-synchronized or not should be clarified. Therefore, the definitions of stratum level and synchronization status are necessary for TDD HeNBs in release9.
One example of multi-hop synchronization is shown in Figure 2: the HeNB B monitors its synchronization from an indirectly synchronized HeNB A, which in turn derives its synchronization from the TDD macro eNB. It has been approved in RAN4 that, the definition of stratum level could provide a feasible solution for synchronization in this multi-hop HeNB scenario. In general, if a HeNB tracks another (H)eNB of stratum level n, the stratum level of this HeNB is set to be (n+1). 
By introducing the stratum level, synchronization of multi-hop HeNBs can be well-ordered. A HeNB should preferably synchronize with the node with the lowest stratum level. Especially, the stratum level of a HeNB is self-configured, and it is a dynamic parameter which could vary with radio link conditions or network topology. HeNBs may need to track the stratum level periodically to be aware of this changing. When a new HeNB is powered on, it will search the stratum levels of all detectable cells, but only choose one eNB/HeNB with the minimum stratum level as the target synchrozation cell. In addition, if multiple eNBs/HeNBs with the minimum stratum level exist, the HeNB could select the target synchronization cell with the best RSRP or by some other principles.
In the opinion of RAN4, it is unlikely that more than 4 strata are seen in most deployments [2], which means 2-bit signalling is enough for the stratum level. 
Furthermore, as described in the scenario 4, if HeNB C detects the synchronization signalling from both HeNB B and HeNB A, it is necessary to enable HeNB C to identify the self-synchronized HeNB B from the HeNB A, and choose the more reliable source as the synchronization reference. Therefore, the synchronization status is necessary here. Through the evaluation, 1-bit signalling for synchronization status is enough to indicate that whether the alternative synchronization source is based on macro eNB or self-synchronized.
Proposal 1: The definitions of stratum level and synchronization status are necessary for TDD HeNBs in release9.

It was pointed out in RAN2 #68 meeting, and later in RAN #46 plenary meeting that, this indication function could be realized by network backhaul signalling (e.g. peer-to-peer information exchange between (H)eNBs), and further analysis for the backhaul solution is the work scope of RAN3.
Proposal 2: How to realize these two synchronization signalling messages through backhaul should be discussed and determined by RAN3 in release9 timeline.

4. Conclusion

In this contribution, we discuss several typical air-interface synchronization scenarios and related requirements for TDD HeNBs. We kindly ask RAN3 to consider the possibility to add the backhaul signalling required for the TDD HeNB synchronization, possibly including the stratum level and the synchronization status of a TDD HeNB in Rel9. And the proposals are as follows:
Proposal 1: The definitions of stratum level and synchronization status are necessary for TDD HeNBs in release9.

Proposal 2: How to realize these two synchronization signalling messages through backhaul should be further discussed and determined by RAN3 in release9 timeline.
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