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Discussion and decision
1 Introduction

In this contribution, we would like to discuss the benefits and standardization issues of time synchronization between a home eNB and a macro eNB of which signal can be received at the home eNB.
In the 3GPP LTE standard, only 504 physical IDs are available. However, in the previous contributions the deficit of PCID has been issued in the home eNB environment (R2-080472). Since home eNBs are expected to be densely deployed, home eNBs that have the same PCID may exist in a macro eNB. Even if the same PCID cells are appropriately separated, multiple PCIDs in a macro eNB are still a remaining problem to solve. For example, when a macro eNB has multiple home eNBs with the same PCID (=15) and a UE tries to hand in one (GCID = 200) of the duplicated PCID home eNBs, as shown in Figure 1 (a), the macro eNB cannot differentiate the target home eNB with only PCID reported by the UE. The macro eNB cannot send a handover message to the appropriate target home eNB. Hence, the uncertainty may result in a hand-in failure or raise another problem to overcome.

One possible solution to the duplicated PCID problem is to increase the number of the physical-layer cell identity. However, the enough number of PCIDs  to cover home eNBs is uncertain and the change may be a big impact on RAN1 dependent on the number of PCIDs requested.
Another is home eNB’s global cell ID (GCID) to discriminate home eNBs. To that end, a long gap has been introduced to monitor home eNB’s GCID (R2-080884), which brings DRX issues for a long gap, time delay, and throughput degradation.

We would like to here discuss a solution to distinguish home eNBs in a macro cell using time synchronization and offset between a home eNB and a macro eNB.
2 Discussion
In the 3GPP LTE standard, time synchronization between macro eNBs is not necessary. However, time synchronization between a macro and home eNBs can provide a solution to differentiate the same PCID home eNBs in a macro eNB as follows.
We assume that times of home eNBs and their macro eNB are synchronized within a precision in a certain manner. Then, System Frame Number (SFN) offsets with respect to the macro eNB’s SFN can differentiate home eNBs in the macro eNB, as in Figure 1. A UE is supposed to hand in from a macro eNB to a home eNB of which PCID and GCID are 15 and 200, respectively, but there exist three different home eNBs with PCID 15 in the macro eNB coverage. In this case, the macro eNB cannot differentiate the target home eNB with only PCID reported by the UE. However, even though three home eNBs have the same PCID (=15), as shown in Figure 1 (b), time offset with respect to a reference, eNB’s SFN, can easily differentiate the home eNB that the UE hands in. Hence, the time offsets with PCIDs can help the UE solve the hand-in problem.
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Figure 1: The examples of a duplicated PCID problem and the time offset usage
Advantage: The proposed scheme with SFN offset can give us up to a 12-bit gain for home eNB discrimination. When time synchronization is enough accurate, we can get up to a 15-bit gain with SFN and sub-frame offset. This scheme does not ask to increase physical-layer cell identity, which brings a major impact on RAN1.
Antother benefit: If home eNBs and a macro eNB are synchronized, then the time synchronization enables UEs to readily read SIB1s in DRX with a normal gap. A UE to hand in a home eNB can receive the SIB1 during the measurement gap time that is accordingly acquired from the information of the home eNB and the eNB when the UE comes in the eNB. 
We have discussed the benefits of time synchronization between a macro eNB and home eNBs in the coverage. The precision and accuracy for synchronization are left to discuss depending on the synchronization method. The usages are also open for further study in the 3GPP.

3 Conclusion
Home eNBs bring a lot of issues that have not been raised in a macro eNB environment such as the scarcity of PCID. To solve the problems, we have discussed the time synchronization between a macro eNB and home eNB located in the coverage of the macro eNB. If necessary, we can ask RAN1 of the feasibility of this solution.
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