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Discussion
1. Introduction
In [1] it was proposed that RAN2 should consider whether the UE Mobility History Information  should also be applied to UMTS. 
In this paper we discuss an alternative method for estimating the speed of the UE, by enhancing the UE reported value of Mobility State Indicator.
2. Discussion
The UE Mobility History information in LTE includes cells visited in RRC-Idle and RRC-Connected states and includes an identifier of each cell and the duration of stay in the cell. From this the network can determine the mobility of the UE. However, since the size of each cell is likely to have a direct impact on the time a UE “stays” in each cell the network needs to be able to identify the cell type and thus, likely size from the cell ID. This being especially true in a HetNet deployment. Maintaining information linking cell id to cell type and hence to likely cell size   would require a large, dynamically managed, database within the network (i.e. lists of cells outside of the NCL). However it may be possible to estimate the UE mobility without having to implement such a database.
As a reminder in UMTS we have the following information on Mobility State
1. In the RRC connection request and Cell Update messages a UE can report IE "UE Mobility State Indicator", there being only one value, HighmobilityDetected
2. In a reconfiguration or release the network can also inform the UE to consider it is in high mobility, which is then used by the UE for reselection (i.e. scaling with the IE "Speed dependent Scaling Factor for Treselection")
3. UE history information in the SRNS relocation message also provides the IE "UE Mobility State Indicator"
If the number of cell reselections during time period TCRmax exceeds NCR, or if the network (via RRC signalling) has ordered the UE to consider itself in high-mobility state, then high-mobility state has been detected. Conversely if the high-mobility state is not detected during time period TCrmaxHyst a UE exits the high-mobility state.

As an example, in a homogenous network in a dense urban environment, the size of a UMTS cell is say about 1.5 km and the high-speed limit could be viewed as 90 km/h. This means that a UE performs Cell Reselection every 60s. Therefore, the operator sets NCR to 2 and TCRmax to 120 and hence a UE moving at 90 km/h would normally be considered as having high mobility.
However in a heterogeneous network the cell deployment is different, for example in the following figure there are a set of small cells, half the size of the macro cell, and a macro cell. If a UE is moving from left to right, at a constant speed of 60km/h then after 120s, there may have been 3 reselections and the UE would consider it is high mobility state. This however would be an inaccurate estimation of speed, since the high-speed limit is 90 km/h
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Figure 1. Calculation of mobility
Given that in a heterogeneous network there will be more than one cell size, viewing the cell size as a coefficient of time spent in a cell could allow for an improved estimation of the UE mobility. For example if the cell size of a small cell was half the size of a macro cell, then the small cell has a coefficient of 2 and the macro cell a coefficient of 1. Then assuming the UE is moving at a constant speed through the macro and small cells, the actual time spent in each cell multiplied by the coefficient gives an adjusted value for the time spent in each cell and hence and a similarly adjusted calculation of the mobility of the UE
For example in the following figure this is taken into account, so again for a UE moving from left to right, at a constant speed of 60km/h it can be seen that the number of reselections with the 120s time window, in each case could be 1. Therefore the UE would not consider it is in high mobility state.
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Figure 2. Calculation of mobility taking into account a coefficient representative of cell size.
From the examples above  we can see that use of a simple extension to the calculation for high mobility, related to the cell size of a cell, would allow the UE to provide a more accurate reported estimation to the network and hence more accurate reselections related to scaling of the reselection parameters for high mobility.
Taking the above into account it is important that the network is able to get a reasonable estimation of the UE speed either from the UE reported Mobility State Indicator or from the UE Mobility History Information, but it is equally important that the UE has a reasonable estimation (from the NW broadcast TCRmax & NCR) of its own speed in order to correctly utilise any speed dependant scalings for reselection.
Therefore we propose that
Proposal: RAN2 should consider enhancing the calculation for the UE Mobility State Indicator, for use in heterogeneous deployments.

3. Conclusions
Based on the above considerations, the following is proposed to RAN2.
Proposal : RAN2 should consider enhancing the calculation for the UE Mobility State Indicator. for use in heterogeneous deployments.
4. Reference
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