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1   Introduction
The speed dependent mobility has been specified for both cell-reselection and HO measurement for LTE from the initial release to improve the mobility performance. The mechanism of speed dependent mobility was further enhanced to support the deployment of HetNet scenario. 

In this paper, we discuss the corresponding issue of speed dependent mobility for NR. Since NR supports INACTIVE state in addition to IDLE and CONNECTED state, so speed dependent scaling can also apply to INACTIVE state. In addition, as NR supports beam management, the impact of speed dependent mobility is discussed as well.
2   Discussion
Speed dependent mobility in LTE

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 interval 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 interval is. In order for better mobility performance, the speed dependent mobility is introduced to adjust TTT (for handover) or Treselection (for cell reselection) based on the UE’s mobility status estimation (MSE). 

For instance, in order to avoid high speed UE lose the coverage of serving cell, it’s reasonable to apply a shorter q-Hyst value so as to reselect to target cell more quickly. Cell reselection is processed by UE itself, so speed state reselection parameters need to be broadcasted to UE. 
The mobility state dependent scaling of cell reselection for RRC_IDLE state is stated in [2] as below:

· Besides the common cell reselection parameters, the speed state reselection parameters (e.g. evaluation time, thresholds and scaling factors for medium and high speed state) are broadcasted to UE. 

· UE compares the number of cell reselections during time period t-Evaluation with the thresholds (n-Cell Change Medium and n-Cell Change High) to distinguish the UE mobility state. For cell reselection, UE applies speed dependent scaling factor for cell-reselection parameters (q-Hyst, t-Reselection) according to the detected UE mobility state. The cell-reselection parameters are applied with high or medium scaling factors respectively if UE is in the high or medium mobility state. For example, if UE distinguished in high mobility state, UE shall apply the scaled parameters to perform cell reselection more quickly.

For UE in RRC_CONNECTED state, the mobility state dependent scaling is very similar with cell reselection as [3]:

· UE shall apply speed state parameters (e.g. evaluation time, thresholds and scaling factors for medium and high speed state) from measurement configuration instead of system information broadcasting; 
· 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 becomes more popular; the Hetnet 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 interval 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 and the optional MSE after the UE establishes the RRC connection, in order for the eNB to estimate the UE’s moving speed and adjust the handover parameters for the UE. 
Speed dependent consideration for different NR RRC states
For NR, the cell layout could be homogeneous or heterogeneous, as agreed in TR 38.804, so the basic mechanism of speed dependent mobility of LTE may apply to NR also to improve NR mobility performance. The MSE function for speed dependent mobility can be applied to RRC_IDLE state and RRC_CONNECTED state in NR.
Proposal 1: Reuse the LTE mechanism of MSE (i.e. adjust TTT for handover or Treselection for cell reselection based on the UE’s mobility status estimation) as the baseline for RRC_IDLE state and RRC_CONNECTED state considering the support for speed dependent mobility (i.e. cell-reselection and HO measurement)
In NR, there is a discussion on the new RRC state (RRC_INACTIVE) on top of the IDLE state and CONNECTED state. According to the RAN2 discussion, the characteristics of RRC_INACTIVE can be summarized as below:

-
Cell re-selection mobility;

-
CN – NR RAN connection (both C/U-planes) has been established for UE;

-
The UE AS context is stored in at least one gNB and the UE;

-
Notification is initiated by NR RAN;

-
RAN-based notification area is managed by NR RAN;

-
NR RAN knows the RAN-based notification area which the UE belongs to;
When UE is in INACTIVE state, UE can only have cell re-reselection mobility or receive notification from NR RAN, so the similar MSE function defined in LTE with speed dependent scaling as cell-reselection can be applied for UE in INACTIVE state.
Proposal 2: 
Speed dependent scaling of cell reselection shall be applied when UE is in NR INACTIVE state.
For UE transiting from INACTIVE to IDLE, it may include two cases. One case is that NR RAN could configure UE transition from INACTIVE to IDLE if it predicts that a UE has no packet arrival for a long period or some error cases (e.g. rejecting from network). The other case is that UE is out of coverage and the periodical RAN based notification area update timer expires, the UE will not be able to send the notification area update request to NR RAN. Then NR RAN may release NG1 connection if the expected periodical notification area update request is not received. To keep the state consistent with NR RAN, the UE may need to enter to IDLE state autonomously. For all the cases of state transition between IDLE and INACTIVE, UE needs to count the number of cell reselections during evaluation time period for MSE, no matter whether the UE is in IDLE or INACTIVE. 
Proposal 3: 
UE needs to count the number of cell reselections in both IDLE and INACTIVE state during evaluation time period for MSE, no matter whether the UE is in IDLE or INACTIVE.

Mobility support for flexible deployment
During the discussion of LTE, the mechanism of speed depend mobility was enhanced when taking account of additional deployment scenarios (i.e. HetNet deployment) as discussed in section one.  

Within NR, more deployment scenarios will be possible. NR needs to support mobility in flexible deployment scenarios which include higher frequency bands, high-speed movement for NR Macro/mall cells, dual-connectivity, CU/DU splitting deployments, etc. In NR, the cell coverage may be large than in LTE. And some scenarios such as high speed railway or subway network, the network are deployed with several RRUs arranged in line. In this case, it’s also possible that the legacy MSE mechanism can’t well reflect UE’s mobility state because UE travels a long distance with limited numbers of cell reselection or handover. In order to support speed dependent scaling for NR flexible deployments, it’s possible to broadcast more information including e.g. cell size, transmission power, cell type and deployment scenarios. With the additional information, the UE can apply speed dependent scaling factor not only by the number of cell reselections and handovers but also by the additional information with the accurate detection of UE mobility state. RAN2 needs to work on the additional mechanism to support the speed dependent mobility under the flexible deployment scenarios of NR.
With the introduction of beam based operation for NR especially in high frequency scenario, it is assumed to consider two-level mobility: beam level mobility (referred as beam management), and cell level mobility (L3 mobility). This scenario can also be considered when studying the speed dependent mobility for NR. 

Proposal 4: RAN2 is asked to work on the additional mechanism to support the speed dependent mobility under flexible deployment scenarios of NR
3   Proposal
In this document, we discussed the MSE in NR and we proposed that: 

Proposal 1: 
Reuse the LTE mechanism of MSE (i.e. adjust TTT for handover or Treselection for cell reselection based on the UE’s mobility status estimation) as the baseline for RRC_IDLE state and RRC_CONNECTED state considering the support for speed dependent mobility (i.e. cell-reselection and HO measurement).
Proposal 2: 
Speed dependent scaling of cell reselection shall be applied when UE is INACTIVE state.
Proposal 3: 
UE needs to count the number of cell reselections in IDLE and INACTIVE state during evaluation time period for MSE, no matter whether the UE is in IDLE or INACTIVE.

Proposal 4:   RAN2 is asked to work on the additional mechanism to support the speed dependent mobility under flexible deployment scenarios of NR
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