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Discussion
1 Introduction
In the previous discussions, simulation results from many companies have shown that handover performance is degraded in HetNet where macro cells and pico cells are deployed together in comparison with heterogeneous networks. As a solution for enhancing the handover performance in HetNet, MSE enhancements have been discussed. In this contribution, we propose a possible approach for MSE enhancements.
2 Discussion
2.1 Considerations on current approaches

In homogeneous networks where only the macro cells are deployed, the cell sizes are uniform. However, in HetNet where the macro and pico cells exist together, the cell size varies according to cell types, i.e. macro or pico cell. HetNet’s deployment pattern is also different from that of heterogeneous networks. For example, pico cells can be deployed for the capacity enhancement in area where there are large numbers of people in places such as buildings in metropolitan area. In such case, they may be deployed inside a macro cell in an overlaid manner. In addition to the coverage diversity and deployment pattern, the deployment density of the pico cells may be various. Inside a macro cell, several picos may be deployed densely or an isolated pico cell may be deployed. 
Simulation results from many companies show that the handover performance is degraded in HetNet, i.e. RLF rate or ping pong rate is increased. As these simulation results show, the RLF or ping pong rate of the mobile UEs is closely related to UE’s mobility states. It is shown that the UEs with higher mobility have higher RLF or ping pong rates [1,2]. Therefore, it is required to enhance mobility performance of UEs with high mobility state, and it is important to estimate UE’s mobility state. There have been discussions about enhancements on estimating UE’s mobility state as follows:
a)  Network estimates UE’s Mobility state.
b)  Weigh different cell types differently in counting handovers/reselections for MSE
c)  Count only macro cells for MSE

In this proposal, we compare each approach and propose a direction to MSE enhancements.
a) Network estimates UE’s mobility state.
· Features: In this approach, one way of rough estimation of the UE’s speed by networks is using UE history information, i.e. networks can estimate the speed of the UE from its past handover history to other cells.
· Pros:

· No UE change.
· Cons: 
· It does not work for the IDLE UEs.; The networks cannot estimate IDLE UE’s speed with this approach, since the network does not maintain IDLE UE’s history.  Suppose an UE’s state is changed from CONNECTED to IDLE. Then the UE’s History Information is not maintained in the network anymore. In this case, if the state-changed UE’s state is changes into CONNECTED again after it stayed in IDLE mode for a while, the network cannot estimate UE’s mobility state at the moment. Then the inability of networks estimates of UE’s speed would impact the handover performance if the UE’s speed is fast. 
Proposal 1. Network’s estimates of UEs’ mobility states are not sufficient.
When enhancing the MSE, there have been discussions on how to count the handovers or reselections for CONNCECTED mode or IDLE mode UEs. 

b)  Weigh different cell types differently in counting handovers/reselections for MSE
·  Features: Subdivided weighting factors are used according to handover types. For example, weighting factors of [a1,a2,a3,a4| where 0 <= ai <=1] are mapped onto [macro-macro, macro-pico, pico-macro, pico-pico| where the first one is source cell and the second one is target cell]. The UE uses these factors according to handover types when it counts handovers/reselections.
·  Pros: 
· It works for IDLE mode UEs.
·  Cons:
· Finding the appropriate weighting factors for various scenarios is not feasible; since possible pico deployment scenario is various, it is very hard to find the appropriate weighting factors for each case. 
· Cumulated weighting factor as the UE passes through the pico cells would eventually lead to wrong information about the UE’s mobility state.

Ex) There could be cases where an UE moves through the pico cells which are deployed inside a macro cell. Suppose an UE is passing through macro cells as shown in Figure. 1. This is a general pico deployment example where picos are deployed for capacity enhancements. Suppose the weighting factors of [1 0.45 0.25 0.1] are used for [macro-macro, macro-pico, pico-macro, pico-pico] handovers. From the macro cell A to macro cell D, UE performs 3 macro-macro, 8 macro-pico, and 8 pico-macro handovers. Then if the weighting factors are applied, mobility count becomes 5.8. If we consider the criteria that we do not count consecutive handovers/reselections between same two cells into mobility state detection, the MSE count is 4.8 for the given example. However, with the Rel-10 MSE, the proper MSE counting is 3. Therefore, if the N_CRH which is a limit to enter high state is 4, these estimations give wrong information about the UE’s mobility state. 
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Figure 1. An example for UE’s mobility
c)  Count only macro cells for MSE
·  Features: UE count macro cell handovers/reselections only for the MSE enhancements.
·  Pros: 
· Simple; since the UE counts only macro cell handovers/reselections without considering any other cell types, it is simple. 
· Same level of accuracy with the current MSE; One of the important aspects that we have to concern is that the MSE enhancement in HetNet is supposed to give the same level of accuracy with the performance of MSE in the homogeneous networks. Currently, UE’s mobility is classified into three levels of High, Medium and Normal states according to number of macro cell handovers/reselections. In HetNet where the picos exist under the umbrella of macro cell, large number of handovers between the picos is irrelative to the increase of UE’s speed. By counting the number or handovers between macro cells only, the consistency with the current MSE method is maintained. Let us revisit the example given in Figure.1. In this example, Rel-10 MSE count is 3 as shown above. The enhanced MSE count remains 3 since the UE counts the macro cell handovers only. 
· It works for IDLE mode UEs; The IDLE UEs count macro to macro reselections only. By not counting the number of reselections for picos during IDLE mode, the UE can estimate its mobility states with the same level of accuracy with the current MSE.
·  Cons: This method may not properly estimate UE’s speed if there are isolated picos outside the coverage of macro cells. However, this is a rare case, so it is acceptable not to consider this case. 
Observation 1. Counting only macro cells for MSE is better than weighted count.
From observation 1, we propose the directions of the MSE enhancements as follows.

Proposal 2. Macro to macro handover/reselection counts are to be used for MSE enhancements in HetNet.
2.2 Considerations on Signalling

Rel-10 MSE estimates mobility states both in CONNECTED and IDLE mode consistently. IDLE UEs use the number of reselection during a given time (TCRmax), and CONNECTED UEs use the number of handovers instead of reselections. Consistency of CONNECTED and IDLE is useful especially for the case when an IDLE UE becomes CONNECTED. Suppose an IDLE UE with higher speed becomes CONNECTED. If the UE is aware of its MSE, it can use its MSE for the immediate handover that possibly happen at the moment. Therefore, MSE enhancement in HetNet is used to perform consistently in CONNECTED mode and IDLE mode.
Proposal 3. The enhanced MSE in HetNet is used to estimate mobility states both in CONNECTED and IDLE mode.
In observation 2, we discussed b) weighed count and c)macro only count. In both methods, it is required that the UE can distinguish pico cells from macro cells. In order to use macro to macro handover/reselection count, it is enough that the UE recognize that the target cell is macro or pico. This is the same case for the weighted count. The following two approaches have been discussed on how the UE determine whether the target cell is pico or not.
1)  UE specific indication from the network. 
2)  Cell specific indication from the network.
Let us consider these two approaches
1)  UE specific indication from the network.
·  Possible message types: The indication may be included in MobilityControlInfo for the UEs performing handover.
·  Limitation: This method does not work for IDLE UEs. Since IDLE UEs does not receive a dedicated message, it cannot distinguish pico cells from macro cells while it reselections a new cell.
Observation 2. UE specific indication from the network about the target cell information is not sufficient.
2) Cell specific indication from the network indicating whether the target cell is a pico cell.
In this approach, the target pico cell indicates that it is a pico cell using a cell specific indication. Then the CONNECTED UE uses this information on MSE counting for the given handover. Similarly, the IDLE UE can use this information when counting reselections. Therefore, this approach works both for CONNECTED and IDLE UEs, and using a cell specific indication from the network is better than the UE specific indication. Note that this approach is applicable for both weighted count and macro only count methods in MSE enhancements.
Observation 3. Cell specific indication from the network is better.

From observations 2 and 3, we propose

Proposal 4. A pico cell uses a cell specific indication from the network for indicating that it is a pico cell.

There are possible ways for cell specific indication. 
2-1) Using SI: It is possible that a pico cell include an indication bit in a System Information Block. With the macro-only counting method, the UE doesn’t count the given handover/reselection upon receiving the SIB which includes the pico indication bit set. Otherwise, the UE counts the given handover/reselection. Weighted count method can use the SIB in a similar manner.
2-2) PCI reservation for pico cells: Another possible way of indicating that the target cell is a pico cell is using a reserved PCIs for pico cells. In this approach, a certain range of PCIs are reserved for pico cells. Then the UE can distinguish pico cell from others simply with PCIs.
Proposal 5. Cell specific indication type is FFS.
3 Conclusion 
Proposal 1 Network’s estimates of UEs’ mobility states are not sufficient.
Proposal 2 Macro to macro handover/reselection counts are to be used for MSE enhancements in HetNet.
Proposal 3 The enhanced MSE in HetNet is used to estimate mobility states both in CONNECTED and IDLE mode.

Proposal 4 A pico cell uses a cell specific indication from the network for indicating that it is a pico cell.
Proposal 5 Cell specific indication type is FFS. 
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