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1. Introduction
Whether to count inter-RAT cell reselections during mobility state estimation was discussed in [1] in the last RAN2 meeting. Although no final decision was made, most companies agree to count inter-RAT cell reselections during mobility state estimation, and the following observation was made:
Observation: 38.304 is not clear on whether inter-RAT cell changes shall be counted for mobility state estimation. The R5 test case is clear (option 1 – IRAT cell changes are counted). There seems to be different UE implementations. 
In this contribution, we will further discuss this issue.
2. Discussion
In the last RAN2 meeting, in [2] it was argued that the cell coverages of different RATs are likely to overlap with each other, or even that the base stations are co-located, so counting inter-RAT cell reselection may result in a much higher estimation of UE mobility and makes the mobility state determination more imprecise. However, as many companies pointed out, a similar issue exists in inter-frequency cell re-selection procedure in the same RAT, e.g. different cell size on FR1/FR2 which may impact on the precision of mobility state estimation. Additionally, even if in certain region the cell coverages of different RATs overlap with each other to a large extent, it only impacts the effectiveness of the inter-RAT cell reselection itself for mobility estimation. Actually, before the UE reselects a new RAT cell, it has counted some intra-RAT cell reselections in the old RAT, and the cell coverage of different RATs overlapping with each other has no relationship with the effectiveness of the counted intra-RAT cell reselections in the old RAT for mobility estimation. 
Observation 1: the cell coverage of different RATs overlapping with each other may influence the effectiveness of the inter-RAT cell reselection itself for mobility estimation, but has no relationship with the effectiveness of the counted intra-RAT cell reselections in the old RAT for mobility estimation.
In LTE, the mobility state related mechanism is almost the same as the above in NR. The mobility state detection criteria and state transitions are specified in TS 38.304 [3] as follows
	State detection criteria:
Normal-mobility state criteria:
-	If number of cell reselections during time period TCRmax is less than NCR_M.
Medium-mobility state criteria:
-	If number of cell reselections during time period TCRmax is greater than or equal to NCR_M but less than or equal to NCR_H.
High-mobility state criteria:
-	If number of cell reselections during time period TCRmax is greater than NCR_H.
The UE shall not consider consecutive reselections where a cell is reselected again right after one reselection for mobility state detection criteria.
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 clause 5.2.4.3.1.


The speed dependent scaling results in that:
· If normal-mobility is detected, no scaling is applied.
· Else if Medium- nor High-mobility state is detected, make cell reselection faster through scaling some related parameters.
During the cell reselection, the UE should record the following mobility state related information as follows:
· The current mobility state itself
· The reselected old RAT cell list with time stamps, i.e. the counted inter-RAT cell reselections within a given duration in [1]
· The timer value for TCRmaxHyst
If both the mobility state and reselected old RAT cell list with time stamps are not inherited in inter-RAT cell reselection, the UE should restart the count on the reselected new RAT cell with time stamps. Consequently, the UE can only get the result of mobility state evaluation at least after the time period TCRmax. This leads to a period of contradiction between the adopted mobility state and actually mobility state. After inter-RAT cell reselection, the general handling would be to go back to normal-mobility state no matter whether the UE is actually moving with high-mobility, and the actual mobility state (i.e. high-mobility state) would not be detected until the UE gets the results of the new mobility state evaluation. As a consequence, taking the case when the UE is moving with high-mobility in inter-RAT cell reselection for instance, before the UE gets the new evaluation results of high-mobility state, the UE may be far away from the serving cell , in which case the UE may miss paging due to long transmission distance or may fail to transmit RRC setup/resume request message even after receiving paging successfully. For V2X services, if a service with high QoS requirements arrives, it may be hard to establish/resume the Uu RRC connection to switch to sidelink mode 1 for better radio resource. Even when sidelink mode 2 is enough for the current V2X service, because the cell reselection cannot keep up with the UE mobility state, sometimes the UE may fail to acquire the mode 2 resource pools broadcasted by the serving cell. In the case that the UE acquires the mode 2 resource pools broadcasted by the serving cell, the mode 2 resource pools may be not suitable any more due to interference when the UE moves far away from the serving cell. This means that V2X service quality deterioration or service interruption may occur if the cell reselection is based on normal-mobility state while the UE is moving with high-mobility actually. These impacts will get more severe for security and critical related V2X services. Therefore, it is reasonable to inherit the current mobility state and reselection count in inter-RAT cell reselection. 
Observation 2: if both the mobility state and reselection count are not inherited after inter-RAT cell reselection, severe impacts (e.g., miss paging, fail to access the network) may arise.
Even if the current mobility state and/or reselected old RAT cell list with time stamps are inherited in inter-RAT cell reselection, unless the elapsed TCRmaxHyst is also inherited the UE that should be regarded as high-mobility state but actually has become normal-mobility state, cannot adopt normal-mobility state related parameters in cell reselection until at least the time period TCRmaxHyst elapses. Take the inter-RAT cell reselection from NR to LTE for example, assuming that TCRmaxHyst broadcasted by the LTE cell is 240s, and the value of the timer corresponding to TCRmaxHyst (i.e. elapsed TCRmaxHyst) is 230s when the UE reselects the LTE cell from a NR cell. If elapsed TCRmaxHyst is not inherited, the UE has to use the high-mobility state related parameters in cell reselection for at least 240s, else if inherited the UE may need to use the high-mobility state related parameters in cell reselection for 10s. in other word, compared to the inheritance of elapsed TCRmaxHyst, no inheritance of elapsed TCRmaxHyst may lead to the time period 230s of contradiction between the adopted mobility state (i.e. high-mobility state) and actually mobility state (i.e. normal-mobility state). Considering the speed scaling factor of high-mobility state is 0.25~1, adopting high-mobility state may result in four times the number of cell reselections than adopting normal-mobility state within the same time period. Additionally, 230s is much longer than the time required by a cell reselection adopting normal-mobility state. Consequently, no inheritance of elapsed TCRmaxHyst may increase the UE power consumption significantly.
Observation 3: the UE power consumption may be increased significantly if the related time information is not inherited to continue mobility state detection in new RAT.
Based on the above analysis, it is very beneficial to inherit the reselected cell list with time stamps in previous RAT (i.e. the counted inter-RAT cell reselections)/mobility state and elapsed TCRmaxHyst for mobility state estimation in inter-RAT cell reselection. Meanwhile, considering the observation some UE vendors may have implemented the R15 spec differently in their products, it is more reasonable to clarify to inherit the mobility state, counted cell reselections and related time information for mobility state estimation in R16 specification, and leave it to UE implementation in R15.
Additionally, although in TS 38.304 it is not clear on whether inter-RAT cell reselections shall be counted for mobility state estimation, as pointed out in [2], the inter-RAT cell reselections are counted when determining UE mobility state in the related test case(s) of RAN5 specification TS 38.523-1 in R15, It is reasonable to leave it to RAN5 about how to handle the mobility state test case(s) related to the inter-RAT cell reselection.
[bookmark: _GoBack]Proposal 1: Clarify to inherit the mobility state, the reselected cell count and the time information related to TCRmax and TCRmaxHyst to continue mobility state estimation after inter-RAT cell reselection in R16 specification, and leave it to UE implementation in R15.
A CR proposal is provided in [4]
Proposal 2: Send an LS to RAN5 about the above clarification, and leave it to RAN5 about how to handle the mobility state test case(s) related to the inter-RAT cell reselection.
3. Conclusion
This paper discusses the mobility state related information handling during inter-RAT cell reselection, and has the following observations and proposal: 
Observation 1: the cell coverage of different RATs overlapping with each other may influence the effectiveness of the inter-RAT cell reselection itself for mobility estimation, but has no relationship with the effectiveness of the counted intra-RAT cell reselections in the old RAT for mobility estimation.
Observation 2: if both the mobility state and reselection count are not inherited after inter-RAT cell reselection, severe impacts (e.g., miss paging, fail to access the network) may arise.
Observation 3: the UE power consumption may be increased significantly if the related time information is not inherited to continue mobility state detection in new RAT.
Proposal 1: Clarify to inherit the mobility state, the reselected cell count and the time information related to TCRmax and TCRmaxHyst to continue mobility state estimation after inter-RAT cell reselection in R16 specification, and leave it to UE implementation in R15.
Proposal 2: Send an LS to RAN5 about the above clarification, and leave it to RAN5 about how to handle the mobility state test case(s) related to the inter-RAT cell reselection.
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