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1
Introduction
Considering the fact of increasing multi-RAT networks deployments worldwide, seamless inter-RAT mobility performance seems to be a crucial wireless network quality aspect. Current 3GPP RRC specifications [1],[2],[3],[4] define a concept of UE mobility state both for UTRAN and E-UTRAN. It is determined based on terminal mobility between cells in wireless network. It is used to differentiate terminals based on their rate of cell changes (speed). This allows to improve the mobility performance of terminals by adapting their configuration.
Currently the following terminal mobility states are defined in different RATs:

a) UTRAN – normal / high mobility state

b) E-UTRAN – normal / medium / high mobility state

Current 3GPP standard only specifies evaluation of UE mobility state within one RAT. When a UE moves between two different RATs, mobility state evaluation is started from the beginning in the new RAT (normal mobility state), regardless of the actual mobility of the UE. This could result in a suboptimal UE mobility performance for multi-RAT terminals.
In this paper we discuss the way forward to resolve this problem.
2
Discussion
Technical evaluation of UE mobility state is based on number of cell changes e.g. cell reselections / handovers (Ncr) during predefined period of time (Tcrmax). As a default, UE is considered to be in normal mobility state. Then if a number of cell changes during the time period is higher than predefined threshold, UE is considered to be in a higher mobility state.
This idea was introduced to improve cell change performance by adapting relevant reselection / handover parameters (speed dependent scaling rules e.g. reselection timer scaling) depending on UE speed characteristics. It is also used for some load balancing purposes in UTRAN Hierarchical Cell Structures (HCS) used in idle mode terminal mobility e.g. reselection mechanism is biased to macro cells for high speed mobiles. Another reason to introduce this concept was to avoid high cell reselection rates for fast moving UEs while allowing high data rates for slow moving UEs. By adapting terminal mobility configuration based on its mobility state, overall system efficiency could be improved.
Current 3GPP RRC specifications for UTRAN and E-UTRAN only specify evaluation of UE mobility state within the same RAT. When UE is moving between two different RATs, mobility state evaluation is started from the beginning when entering in new RAT. In particular, the problem is that mobility state is defined as low (aka normal) after switching RATs for all terminals without taking into account their mobility state before RAT change; this could result in suboptimal mobility performance and decreased quality of service perceived by a moving multi-RAT user terminal. This is illustrated on figure 1 for the LTE to UMTS mobility scenario (similar problem exists in the opposite direction, when UE moves from UMTS to LTE).
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Figure 1 – Problem of UE mobility state mismatch for the interRAT mobility scenario.
An existing solution could be described as waiting to converge on the correct mobility.  If a high mobility mobile terminal in E-UTRAN reselects to UTRAN, then UE will be in normal mobility for a period, but after the required number of cell reselections have occurred (up to 16 – maximum Ncr value defined in specifications), then UE will enter UMTS high mobility state, and the problem will have been solved.  The drawback is the time period (up to 240 seconds – maximum Tcrmax value defined) where the UE mobility state doesn’t match the actual UE behaviour, i.e. UE is moving / reselecting fast but in low mobility state resulting in suboptimal mobility performance (e.g speed dependent scaling rules for mobility control related parameters not applied possibly resulting in call drops due to long reselection / handover time configured).

Proposal 1: We propose RAN2 analyse and discuss extending the handling of UE mobility state for inter-RAT cell reselection and handover between UTRAN and E-UTRAN, in Rel-11. 
The exact UE mobility state mapping between the two states defined in UTRAN (normal / high) and the three states defined in E-UTRAN (normal / medium / high) is currently not defined in the standard for inter-RAT mobility scenarios. There are different mappings possible. Reasonable way forward could be the following UE mobility state mapping after RAT change:

· UE mobility state mapping after RAT change from  UTRAN to E-UTRAN:

NORMAL 
-> NORMAL

HIGH 
-> MEDIUM

· UE mobility state mapping after RAT change from E-UTRAN to UTRAN:

NORMAL 
-> NORMAL

MEDIUM 
-> HIGH

HIGH 
-> HIGH

Proposal 2: We propose RAN2 to adopt  the following mapping between UTRAN  and E-UTRAN mobility states:

a)  If the UE is in HIGH mobility UTRAN state,  after  RAT change to EUTRAN cell, the UE shall continue in MEDIUM mobility EUTRAN state.  Otherwise UE shall continue in NORMAL mobility EUTRAN state

b)  If  the UE is in MEDIUM or HIGH mobility EUTRAN state,  after RAT change to UTRAN cell, the UE shall continue in HIGH mobility UTRAN state.  Otherwise UE shall continue in NORMAL mobility UTRAN state.

Proposed improvements to the existing mobility state evaluation scheme would be able to increase UE mobility performance and achieve seamless mobility experience for multi-RAT terminals.
3
Conclusion
We propose RAN2 to discuss the need of extending evaluation of UE mobility state algorithm from Release-11 to solve the lack of mobility state transfer between UTRAN and E-UTRAN.
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