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Introduction
The speed dependent mobility has been specified for HO measurement in LTE from the initial release to improve the mobility performance. In this paper, we further discuss the corresponding issue of speed dependent mobility in connected state for NR.
Discussion
Speed dependent mobility in LTE connected state
In LTE homogeneous network, the handover regions are roughly of the same size for all handovers, since the cell size is similar. Thus the time duration that the UE spends in the handover region is mostly affected by the UE’s moving speed. The higher the speed is, the smaller the time duration is. In order for better mobility performance, the speed dependent mobility is introduced to adjust time to trigger based on the UE’s mobility status estimation (MSE). 
For UE in RRC_CONNECTED state, the mobility state dependent scaling is as following steps [1]:
· UE shall apply speed state parameters (e.g. evaluation time, thresholds and scaling factors for medium and high speed state) from measurement configuration; 
· [bookmark: OLE_LINK21][bookmark: OLE_LINK22]The UE shall perform mobility state detection using the mobility state detection as specified in TS 36.304 [2] with difference on counting handovers instead of cell reselections; 
· The UE applies speed dependent scaling factor for timeToTrigger according to the detected UE mobility state.
With the small cell deployment becoming more popular, the Het-Net deployment introduces more challenges for handover. The cell size can vary dramatically from macro to pico, thus the handover region size can vary significantly for different size of serving and target cells. Hence, the time duration that the UE spends in the handover region depends on both UE’s moving speed and the cell size. The MSE mechanism in Rel-12 is enhanced by the UE’s reporting the history cell list and time of stay (ToS) in each cell. After the UE establishes the RRC connection, eNB can estimate the UE’s moving speed and adjust the handover parameters for the UE accordingly. 
Speed dependent mobility support in NR connected state
For NR, the cell layout could be homogeneous or heterogeneous, as agreed in TR 38.804. It needs to support mobility in high frequency deployment scenarios which results in smaller cell coverage. Due to the large path loss and fragile channel behaviour, handover in NR may be more frequently than in LTE. Even so, for this case, the basic mechanism of speed dependent mobility of LTE may also be applied to improve NR mobility performance. 
Proposal 1:  Reuse the LTE mechanism of MSE (i.e. adjust TTT for handover) as the baseline for RRC_CONNECTED state considering the support for speed dependent mobility.
In addition, with the introduction of beam based operation for NR, it may involve various cases including beam switching of intra-NR RAT mobility w/o RRC involvement scenario. Among it, beam switching of Intra-NR RAT mobility without RRC involvement could be referred as beam level mobility which should be transparent to RRC/RRM. However it doesn’t exclude it’s evolved with MAC layer. In other word, The UE’s mobility state detection with the additional counting information of beam switch is up to whether there are needs to have the measurement report with time to trigger in MAC layer for such case.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26]For beam switching of Intra-NR RAT mobility with RRC involvement, it could be referred as cell level mobility. It is stated in [3]:
1 In the multi-beam operation, the UE in RRC_CONNECTED measures at least one or more individual DL beams. The gNB should have the mechanisms to consider the measurement results of those DL beams for handover. This mechanism is needed at least to trigger inter-gNB handover and to optimise handover ping-pong and failure.
Therefore, in order to optimise handover performance, the counting information of beam switch may be as the complementary information for UE to selection the suitable TTT. UE may apply TTT for measurement report triggering with consideration of the counting of handover and beam switches for a more accurate mobility state estimation. 
In summary, we think beam related mobility state estimation could be as the useful additional information for deriving the UE speed at least for Intra-NR RAT mobility with RRC involvement case. It requests RAN2 to decide whether the counting number of beam switches could be the supplementary information for UE to apply the speed dependant scaling factor for optimising handover ping-pong and failure.
[bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK49]Proposal 2: 	RAN2 is requested for further discussion of mobility state estimation on different cases of beam switching.
Proposal
In this document, we discussed the MSE in NR and we proposed: 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 1: 	Reuse the LTE mechanism of MSE (i.e. adjust TTT for handover) as the baseline for RRC_CONNECTED state considering the support for speed dependent mobility.
Proposal 2: 	RAN2 is requested for further discussion of mobility state estimation on different cases of beam switching.
References
[1] 3GPP TS 36.331: "E-UTRA; Radio Resource Control (RRC) - Protocol Specification".
[2] 3GPP TS 36.304: "Evolved Universal Terrestrial Radio Access (E-UTRA); UE Procedures in Idle Mode".
[3] Draft TS 38.300-012 rm.doc.
