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Discussion and Decision

1 Introduction
RAN#62 has approved a WI [1] of Dual Connectivity as a continuation of SI [2] for Higher Layer Enhancements for Small Cells and during RAN2 #85bis [3]; following was agreed for the SFN handling: 

The feature of Dual Connectivity should work in a network where SFNs are not aligned between the MeNB and the SeNB, therefore in order to align the DRX occasions or the measurement gaps between MeNB and SeNB, the SeNB should be able to acquire the SFN offset to the MCG of the UE. 

However, it is still open in RAN2 how the SFN offset could be acquired and reported to SeNB, thus we would analyze further the existing approaches in this paper.
2.
Discussions

Unlike eICIC which requires the extreme strict inter node synchronization accuracy, DRX alignment or/and measurement gap alignment in dual connectivity do not need strict synchronization between MeNB and SeNB. Even though more precise alignment between the MeNB and SeNB may result in less power consumption in UE and more efficient scheduling in SeNB, the subframe level alignment might be sufficient to achieve the expected power saving or the scheduling efficiency.  
There are already available mature methods, such as GPS or IEEE1588v2 Precision Time Protocol, providing required time synchronization with accuracy less than 1ms which is fundamental to align the DRX or the measurement gap between MeNB and SeNB. Therefore no further SFN offset exchange between nodes is needed and the dual connectivity could rely on the common synchronization source based on those synchronization technologies.
Observation 1: SFN offset acquisition is unnecessary if the required synchronization accuracy could be achieved by the mature technologies.

In case the GPS and IEEE do not work, the MeNB and SeNB may have to exchange the SFN to derive the SFN offset. There are two basic approaches in 3GPP RAN2 for how the SeNB gets the SFN offset. RAN2 [4] discussed that UE may acquire MIB on PSCell in order to get the SFN of the SCG and to learn the offset between SFN on MCG and SFN on SCG (if any). Alternatively, the SFN offset could be acquired by a network based mechanism and be conveyed to SeNB via X2 procedure.
2.1
Network based mechanism
As explained in [5], RAN3 specification does not prevent using SFN offset for FDD time domain eICIC synchronization area (via O&M configuration). This means that RAN3 confirms that SFN may be not synchronised, but then it is up to the proprietary configuration to enable eNBs to adjust the numbering. 
Observation 2: Proprietary configuration (i.e. O&M configuration) is feasible to provide the SFN offset for unsynchronized network.

Besides, SFN synchronisation between eNBs via X2 interface without assistance from UE is another choice. However, how the MeNB and SeNB exchange the timer difference still needs study. There is no standardized mechanism defined (i.e. the exchange of SFN timing difference is not supported) and there were discussions in RAN3 #84, if existing X2-Setup procedure/configuration update procedure could fulfill the requirement, or a separate new procedure needs to be specified for exchanging the time difference. No matter which way is applied, the impact to the X2 interface is expected. Considering the potential time drift in the eNB, the time difference may have to be exchanged regularly to keep the accuracy of the SFN offset which may introduce extra overhead over X2 interface.

Observation 3: Exchanging SFN by X2 procedure would have impact to specification and may cause extra X2 signaling overhead 

2.1
UE reporting 
For the UE reporting approach, when the UE starts the acquisition of the SFN from the broadcast channel of the cell in SeNB and how UE reports the SFN offset are not studied. Those would need carefully consideration, otherwise the overall signaling overhead and the latency for establishing the dual connectivity would be impacted significantly. 
If the UE acquires the SFN of the SeNB by following the legacy HO procedure, which means the UE starts reading MIB of the cell in SeNB after the successful RA procedure during SeNB addition. Based on agreement of the order of RA and Reconfiguration complete message, it is likely the UE acquires SFN after sending RRC Connection Reconfiguration Complete message; as a result, extra RRC procedure might be needed to convey the derived SFN offset.
Even if the MeNB could guide the UE to acquire the MIB of the cell in SeNB before performing the RA procedure, the SeNB could not get the SFN offset before SCG addition procedure is completed. Therefore the SCG would not be able to configure the DRX or schedule UE according to the measurement gap in time. As a consequence, additional SeNB modification procedure might be needed to inform UE the DRX configuration after SeNB gets reported SFN offset. Those would cause additional X2/Uu signaling and increase the latency for supporting the dual connectivity.
Observation 4: To provide the SFN offset by acquiring and reporting the SFN from UE:

· The DRX and measurement gap alignment could not take effective during the SCG addition procedure

· Additional X2/Uu signaling might be required.

Alternatively, in order to get the accurate SFN offset before the initial SeNB addition procedure, the SFN offset might be determined via ANR-like UE action where an UE reads and reports the SFN difference on the request from the network. As per existing ANR procedure, a NRT is managed in the eNB to maintain the key parameters of the neighboring, for the dual connectivity capable eNBs, in case they are not synchronized with the MeNB, the SFN offset associated with those eNBs could be maintained in NRT inside MeNB. The MeNB may only need to request UE to read and report the SFN if there is no valid SFN offset available for the SeNB before establishing the dual connectivity. This would ensure that the SeNB could get the SFN offset reliably and timely to keep the configuration of the essential parameters aligned with MeNB and avoid the unnecessary message exchanges over X2 and Uu interfaces.

Observation 5: With the enhanced ANR operation, the SFN offset could be reported to network reliably and efficiently without causing extra signalling overhead and without additional delay in configuring dual connectivity features.

3
Conclusion
This contribution analyzed the alternative approaches for acquiring the SFN offset in dual connectivity, the following observations were made:

Observation 1: SFN offset acquisition is unnecessary if the required synchronization accuracy could be achieved by the mature technologies.

Observation 2: Proprietary configuration (i.e. O&M configuration) is feasible to provide the SFN offset for unsynchronized network.
Observation 3: Exchanging SFN by X2 procedure would have impact to specification and may cause extra X2 signaling overhead 

Observation 4: To provide the SFN offset by acquiring and reporting the SFN from UE:

· The DRX and measurement gap alignment could not take effective during the SCG addition procedure

· Additional X2/Uu signaling might be required.

Observation 5: With the enhanced ANR operation, the SFN offset could be reported to network reliably and efficiently without causing extra signalling overhead and without additional delay in configuring dual connectivity features.
Although the enhanced ANR operation could provide SFN offset efficiently for asynchronized network, it is at the expense of the specification impact. Considering the specification and implementation effort for this solution, some difficulties are foreseen to make it happen in REL12 stage. In addition taking into account the complexity of the X2 approach and short time left for REL12, it is proposed the following:

Proposal: It is proposed that RAN2 accept the proprietary configuration, i.e. O&M configuration within Release 12 time frame to handle the SFN offset for the unsynchronized network since it would be the simplest solution which costs minimum specification effort and less signalling overhead.
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