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Discussion and decision
1. Introduction
The timing difference between MeNB and SeNB impacts certain features of dual connectivity operation, such as DRX and measurement gap configuration.   The issue of gaps deserves particular attention as it directly impacts the number of available subframes for scheduling by the eNBs. 

In the previous meetings, RAN2 has considered both UE-based and network-based methods for timing difference acquisition. In this contribution we address the issues related to network-based methods and the impact on the UE.

2. Discussion
2.1. Timing acquisition and measurement gap alignment
In Rel12 dual connectivity, it is likely that configured measurement gaps apply to both MeNB and SeNB, a view shared by many companies in [1]. Since measurement gaps result in scheduling interruption, their impact on the system performance should be minimized. In dual connectivity, this impact can be alleviated by aligning gaps as much as possible, thus minimizing the throughput degradation at the UE. 
Since dual connectivity should also support asynchronous operation of MeNB and SeNB at both SFN and subframe levels, gap alignment requires the SeNB to acquire the timing difference between itself and the MeNB. To this end, in RAN2 #86, the following conclusions by RAN3 were reported [2]:
	RAN3 conclusions on timing difference
1) Is it feasible that MeNB and SeNB exchange the SFN timing difference without assistance from UE by using network based mechanism (e.g. X2 procedure or OAM)?

Answer: Yes it is feasible,however no standardised mechanism was defined for existing features.

2) If feasible, is the network based mechanism expected to be accurate enough for coordinating SFN between MeNB and SeNB (e.g. to align DRX and measurement gap occasions between MeNB and SeNB)?

Answer: Although the synchronization mechanism can be possibly implemented, RAN3 has not specified any synchronized mechanism by X2 procedure.




Based on the conclusions from RAN3 we note the following:

Observation 1: MeNB and SeNB synchronization is feasible via a network-based solution, not necessarily standardized.
An alternative approach for timing acquisition considered in RAN2 is UE based reporting. In [3] RAN4 informed RAN2 of the following conclusions:
	RAN4 conclusions on timing difference
1) Is it feasible that the UE calculates the SFN timing difference (if any) between MCG and SCG based on the MIB of the special SCell of the SCG?
[Ans]: Yes, it is feasible.
2) If feasible, is the solution where the SFN timing difference is provided to SeNB by UE reporting expected to be accurate enough for coordinating SFN between MeNB and SeNB (e.g. to align DRX and measurement gap occasions between MeNB and SeNB)?
[Ans]: Yes, if the required accuracy is a subframe level.

3) If feasible, does RAN4 see any issues with the accuracy of the SFN timing difference reported by the UE being valid over a long period of time (e.g. due to change in UE receive timing caused by variations in propagation delay)?
[Ans]: No, RAN4 does not see any issue with the accuracy of the reported SFN time difference.




Based on the conclusions from RAN4, since symbol-boundary level accuracy for UE reporting is not guaranteed, we note the following:
Observation 2: UE reporting cannot be used to achieve full gap alignment between MeNB and SeNB.
2.2. Need for network-based timing acquisition 

Based on the observations in the previous section, we can distinguish the following practical scenarios for the network-based timing acquisition:
1. Network-based  mechanism with sufficient accuracy for synchronization between MeNB and SeNB
2. Network-based mechanism without sufficient accuracy for synchronization between MeNB and SeNB
3. Network-based mechanism is not available
In case of (1), the network effectively operates as in CA and therefore full gap alignment may be achieved. In case of C-DRX operation, the OnDuration could also be aligned which benefits UE power. Another advantage is that UE reporting of timing difference would not be required. This option minimizes standardization and UE impact, but may not be applicable in all scenarios.
For case (2), the benefit of the network-based mechanism would depend on its accuracy, since a mismatch between the UE observed timing and network estimate (e.g due to propagation delay or timing drift) could cause significant misalignment of the gaps and result in up to two subframes to be lost for scheduling at both MCG and SCG. On the other hand, good accuracy would entail possibly only 1 subframe of gap extension at the SCG. Hence, unless the accuracy of the network timing estimate is higher than the UE-based estimate, it should not be used for gap alignment. Similarly, for C-DRX, any timing estimate mismatch would cause the UE to be active at different DRX offsets and consequently increase the total active time of the UE and reduce its battery life.  
Finally in case (3), UE-based reporting is the only option available. We note, however, that UE-based reporting would have to be standardized and have larger impact on the UE implementation. 
Observation 3: Network-based timing difference estimation is beneficial if it can provide higher accuracy than UE-based solution.
Based on the above analysis, we make the following proposals:
Proposal 1:
RAN2 to discuss the accuracy requirement of the network-based timing acquisition procedure.
Proposal 2:
RAN2 to ask RAN3 on the accuracy range of the network-based timing difference estimation.
Proposal 3:
RAN2 to adopt a single solution for the gap alignment among the following

1) Network-based, if it is more accurate than UE-based reporting
2) UE-based reporting
3. Conclusion
In this document we discussed timing difference estimation by the network, and propose the following:
Proposal 1:
RAN2 to discuss the accuracy requirement of the network-based timing acquisition procedure.
Proposal 2:
RAN2 to ask RAN3 on the accuracy range of the network-based timing difference estimation.
Proposal 3:
RAN2 to adopt a single solution for the gap alignment among the following

1) Network-based, if it is more accurate than UE-based reporting
2) UE-based reporting
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