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1. Introduction
RAN2 has following agreement:
	Agreements
1
The UE shall provide mobility information to the network at RRC connection setup. The details (granularity, …) are FFS. 




In the previous meeting, several mobility information reporting procedures were proposed. Companies couldn’t reach consensus on which procedure to use. In this contribution, we evaluate these procedures and propose a compromised procedure that the mobility state and cell re-selection history could be reported by two phases. The proposed procedure could minimize the signaling overhead and delay while guarantee the accuracy of mobility information.
2. Discussion

2.1. Evaluation of existing procedures
According to the discussion during the previous meeting, there were three mobility information reporting procedures when UE entering connected state:

1. Reporting mobility state [1]: UE reports estimated mobility state to network.
2. Reporting cell re-selection history [2-3]: UE reports cell re-selection history to network.
3. Reusing MDT functionality [4]: Network reuses MDT measurement result to evaluate the mobility state.
· Reporting mobility state
UE performs MSE during idle mode. When entering the connected mode, UE could report the estimated mobility state to network. This would only require two bits at most. However the Rel-8 MSE has been considered not accurate in heterogeneous network. Some companies proposed some UE based MSE enhancements to improve the accuracy, such as counting weighted handovers and RSRP differences. But until now consensus have not been reached on whether we should enhance UE based MSE and which enhancement we should adopt. Hence it’s still not sure whether the enhanced UE based MSE could guarantee sufficient accuracy.
Observation 1: Reporting mobility state requires small amount of signalling. However, Rel-8 MSE is not accurate in HetNet and it’s not clear whether enhanced UE based MSE will be adopted in Rel-12.
· Reporting cell re-selection history.
While in idle mode, UE stores the cell re-selection history such as cell ID and time of stay. When entering connected mode, UE could send an indicator of availability of mobility information and subsequently report the cell re-selection history according to the network request. Based on the cell re-selection history and cell size information from the network (e.g. OAM), eNB could estimate the UE’s mobility state and the accuracy could be guaranteed. However, the cell re-selection history information is too big to be provided during RRC connection setup procedure[2-3]. Hence the network may have to wait for the finish of reporting cell re-selection history before RRC connection re-configuration, or send one additional RRC connection re-configuration after the reporting cell re-selection history. Either case would introduce delay to the mobility information based re-configuration.
Observation 2: Reporting cell re-selection history could guarantee the accuracy of mobility information, while it would need large amount of signalling and may introduce delay to the mobility information based RRC connection re-configuration.
· Reusing MDT functionality
MDT requires UE to store the radio link quality periodically during idle mode. When entering connected mode, UE reports the stored radio link quality information. Based on the reported information, network could estimate the UE’s mobility state. For including RSRP and timestamp information, the radio link quality information is even larger than the cell re-selection history. Hence, longer delay may be introduced. Further more, MDT is not a mandatory functionality. There would be UEs which don’t support MDT functionality. There this procedure couldn’t be used as a common solution.
Observation 3: Reusing MDT functionality may introduce longer delay to the RRC connection re-configuration based on mobility information and couldn’t be used as a common solution.
2.2. Proposed procedure
If the network is a macro only network, the Rel-8 MSE could provide accurate mobility information. Even in HetNet, if the mobility state is estimated to be low by Rel-8 MSE, the network could estimate the UE is under low mobility state, as the Rel-8 MSE is likely to overestimate the speed. While, if the mobility state is estimated to be medium or high by Rel-8 MSE, then network may need other information, such as history, to obtain the accurate speed information.
Therefore we propose a compromised procedure of reporting mobility state and reporting cell re-selection history methods by two phases. The proposed procedure tries to balance the signalling overhead and the accuracy. Figure 1 depicts the procedure in detail:
0. During idle mode, UE performs Rel-8 MSE and stores cell re-selection history. 
1. When entering connected mode, UE reports the mobility state estimated by Rel-8 MSE and an indicator of availability of cell re-selection history. 
2. Upon receiving the mobility state, eNB could evaluate whether the mobility information from UE based on Rel-8 MSE is accurate enough. If yes, eNB could get the accurate mobility information and the procedure is finished. Otherwise, eNB would retrieve cell re-selection history to estimate the accurate mobility information of UE.
3. eNB requests the cell re-selection history if UE  indicates that  the  cell re-selection history is available.
4. UE reports the cell re-selection history.

5. Upon receiving the cell re-selection history, eNB subsequently estimates the UE’s mobility state based on the cell re-selection history.
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Figure 1 proposed mobility information report procedure
As only mobility state is transmitted under specific scenarios, this procedure could minimize the signalling overhead and reduce the delay compared to reporting cell re-selection history. Meanwhile this procedure could guarantee the accuracy of mobility information compared to reporting mobility state by reporting cell re-selection history if network requests.
Proposal: Consider reporting mobility information by two phases: 
· UE reports the mobility state estimated by Rel-8 MSE and an indicator of availability of cell re-selection history. 
· Based on the network deployment and reported mobility state, network would try to retrieve the cell re-selection history only when the mobility state reported is evaluated to be inaccurate.
3. Conclusion
In this contribution, we evaluated the existing procedures of reporting mobility information and proposed a compromised procedure that mobility state and cell re-selection history could be reported by two phases. This procedure could minimize the signaling overhead and reduce the delay, while guarantee the accuracy of mobility information. 
Observation 1:  Reporting mobility state requires small amount of signalling. However, Rel-8 MSE is not accurate in HetNet and it’s not clear whether enhanced UE based MSE will be adopted in Rel-12. 
Observation 2: Reporting cell re-selection history could guarantee the accuracy of mobility information, while it would need large amount of signalling and may introduce delay to the mobility information based RRC connection re-configuration.

Observation 3: Reusing MDT functionality may introduce longer delay to the RRC connection re-configuration based on mobility information and couldn’t be used as a common solution.
Proposal: Consider reporting mobility information by two phases: 
· UE reports the mobility state estimated by Rel-8 MSE and an indicator of availability of cell re-selection history. 
· Based on the network deployment and reported mobility state, network would try to retrieve the cell re-selection history only when the mobility state reported is evaluated to be inaccurate.
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