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1 Introduction

In previous RAN2 meetings, the issue about UE mobility estimation was discussed but no agreement was reached. Several companies proposed to reuse the LTE mechanism of mobility state estimation as baseline. Some companies also proposed to study the UE speed based scaling in NR[1]. Some companies think the mobility state estimation is not applied in the actual network in LTE, so it is no need to support it in NR. But there are some companies want to support it in NR and see the benefit on the mobility performance. 
In this paper, we aim to clarify the procedure of the mobility state estimation during UE RRC state transition.

2 Discussion

In LTE, the UE mobility state estimation (MSE) is based on 4 variable parameters, i.e. TCRmax, NCR_H, NCR_M and TCRmaxHyst, while there are 3 mobility states defined, High-mobility, Medium-mobility and Normal-mobility. The state detection criteria and state transition procedure are specified as follows in 36.304:

	Besides Normal-mobility state a High-mobility and a Medium-mobility state are applicable if the parameters (TCRmax, NCR_H, NCR_M and TCRmaxHyst) are sent in the system information broadcast of the serving cell. 

State detection criteria:

Medium-mobility state criteria:

-
If number of cell reselections during time period TCRmax exceeds NCR_M and not exceeds NCR_H
High-mobility state criteria:

-
If number of cell reselections during time period TCRmax exceeds NCR_H
The UE shall not count consecutive reselections between same two cells into mobility state detection criteria if same cell is reselected just after one other reselection.

State transitions:

The UE shall:

-
if the criteria for High-mobility state is detected:

-
enter High-mobility state.

-
else if the criteria for Medium-mobility state is detected:

-
enter Medium-mobility state.

-
else if criteria for either Medium- or High-mobility state is not detected during time period TCRmaxHyst:

-
enter Normal-mobility state.

If the UE is in High- or Medium-mobility state, the UE shall apply the speed dependent scaling rules as defined in subclause 5.2.4.3.1.


In LTE, the UE mobility state based scaling can improve the mobility performance for the UE with different speed. The UE mobility state estimation is helpful especially for the homogeneous network. As baseline, the NR should support it. If some company concerns the benefit of the mobility state feature, the mobility state feature can be defined as optional.
Proposal 1: The LTE mechanism based MSE is supported in NR, and configured by operator if needed.

In NR, a new UE state called RRC_INACTIVE is agreed in RAN2#98 meeting. For RRC_INACTIVE UE, the network knows the UE location within the RAN notification area and UE performs idle mobility in the area without notifying the network. So it is necessary to support the mobility state based scaling for both idle mode and RRC_INACTIVE state.
Proposal 2: The mobility state based scaling is also supported for RRC_INACTIVE in NR.

In LTE, the RRC_CONNECTED UE will also use the UE mobility state based scaling for TTT, and the mobility state parameters in IE MobilityStateParameters are configured to the UE in dedicated RRC signaling. For idle mode UE, the mobility state parameters in IE MobilityStateParameters are configured to the UE in SIB. For NR, the mobility state parameters configuration and scale factor configuration should be configured for idle UE and inactive UE in system information in LTE as baseline.
Proposal 3: For NR, the mobility state parameters and scale factor should be configured for both idle UE and inactive UE through system information just as LTE.

The delay requirement of RRC_INACTIVE state is different from that of the idle mode. When the RRC_INACTIVE state UE needs to resume RRC connection, it is better to resume the RRC connection as soon as possible, in order to reduce the service interruption. So it is necessary to configure the RRC_INACTIVE to use the dedicated mobility state parameters in order to improve the performance of the RRC_INACTIVE UE. 
There are 3 options:

Option 1: the RRC_INACTIVE UE use the mobility state parameters configured in the SIB.

Option 2: the RRC_INACTIVE UE use the mobility state parameters configured in dedicated RRC signaling when the UE stays in the RRC_CONNECTED.

Option 3: the RRC_INACTIVE UE use the mobility state parameters configured in the RRC message which trigger the UE to go into RRC_INACTIVE UE.

Proposal 4: RAN2 is asked to discuss the issue and confirm which option is selected in NR.
Based on current TR 38.804, the state transition relationship is defined as indicated in following figure.
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Figure:
UE state machine and state transitions in NR

The RRC_INACTIVE state and RRC_CONNECTED state can transmit from one to another directly. The RRC_IDLE state and RRC_CONNECTED state can also transmit from one to another directly. But the state transition from RRC_IDLE state to RRC_INACTIVE state directly is not supported currently. For transition from RRC_ INACTIVE state to RRC_IDLE state, it follows RRC_INACTIVE to RRC_CONNECTED and then CONNECTED to IDLE transition.

For UE mobility state based scaling, the idle mode UE will estimate the UE mobility state and apply the UE mobility state to the cell reselection parameters based on the the mobility state parameters in SIB. For RRC_CONNECTED mode UE, the UE will estimate the UE mobility state by counting the number of handover in specific time duration based on the the mobility state parameters configured in dedicated RRC signalling and apply the UE mobility state based scaling to the TTT.

It is not clear how to deal with the UE mobility state estimation variables, TCRmax, NCR_H, NCR_M and TCRmaxHyst, during the RRC state transition.

There are 2 options:
Option 1: all the UE mobility state estimation variables, TCRmax, NCR_H, NCR_M and TCRmaxHyst are reset during RRC state transition.

Option 2: all the UE mobility state estimation variables, TCRmax, NCR_H, NCR_M and TCRmaxHyst are suspended during RRC state transition and initialize a new set UE mobility state estimation variables for new RRC state.

When the RRC connection is resumed by Inactive UE only for periodical RAN notification area update, and then the UE will go back to INACTIVE or IDLE again after the location update. For this case, it is unnecessary to reset the UE mobility state estimation variables because the time duration for the UE staying in RRC CONNECTED state is not so long. 
When the RRC connection is resumed by Inactive UE for small data transmission, the time duration the UE stays in RRC_CONNECTED is also not so long. So it seems it is also not necessary to reset the UE mobility state estimation variables.
When the UE goes into RRC_CONNECTED state, the network does not know the UE mobility state, because the network just initializes the UE mobility state estimation variables. For high speed UE, the HO may happen soon, and the UE mobility state is not reasonable, so UE can report the UE mobility state to network to initialize the UE mobility state as LTE in R12. It can improve the mobility performance for high speed UE in RRC_CONNECTED state.

Another question is if the times of handover is also counted to the UE mobility state estimation variables of idle mode UE? If so, the UE can do it without network configuration. If the time the UE stay in RRC_CONNECTED state is short, it seems that it is not necessary to consider the handover times for idle mode UE mobility state estimation. But if the time the UE stay in RRC_CONNECTED state is long, the UE mobility sate is changed a lot and can not be evaluated.
Proposal 6: RAN2 is asked to confirm if the UE will take the handover times for idle mode UE mobility state estimation when UE stay in RRC_CONNECTED state.

Proposal 7: UE will not reset the UE mobility state estimation variables if the UE stay in RRC_CONNECTED state shortly.

Proposal 8: The UE report the current UE mobility state to the network when the UE state transition from RRC_IDLE/RRC_INACTIVE state to RRC_CONNECTED state.

3 Conclusions:

In this contribution, we aim to clarify the procedure of the mobility state estimation during UE RRC state transition.
Proposal 1: The LTE mechanism based MSE is supported in NR, and configured by operator if needed.

Proposal 2: The mobility state based scaling is also supported for RRC_INACTIVE in NR.

Proposal 3: For NR, the mobility state parameters and scale factor should be configured for both idle UE and inactive UE through system information just as LTE.

Proposal 4: RAN2 is asked to discuss the issue and confirm which option is selected in NR.
Proposal 6: RAN2 is asked to confirm if the UE will take the handover times for idle mode UE mobility state estimation when UE stay in RRC_CONNECTED state.

Proposal 7: UE will not reset the UE mobility state estimation variables if the UE stay in RRC_CONNECTED state shortly.

Proposal 8: The UE report the current UE mobility state to the network when the UE state transition from RRC_IDLE/RRC_INACTIVE state to RRC_CONNECTED state.
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