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Introduction
Mobility related measurements and the corresponding configuration for measuring, report triggering and reporting are being considered for NR in RAN2 discussions. The corresponding discussions in LTE also included, amongst other things, speed dependent scaling of measurement related parameters. In the recent email discussion [1], the support for speed based scaling was discussed but there was no clear preference as to whether to support this feature in NR or not. One of the open issues captured in 38.331, in 6.3.2, is the support of the parameter speedStatePars as defined in LTE:
Editor’s Note: FFS Whether UE speed based TTT scaling (e.g. speedStatePars) is supported in Rel-15.
In this contribution, we discuss the extent of usage of such a feature in LTE and also discuss the need for such a feature in NR. 
[bookmark: _Ref178064866]Discussion
Speed dependant scaling of measurement parameters 
The handover related parameters that are optimized by a SON algorithm – like Mobility Robustness Optimization (MRO) – includes, amongst other parameters, event specific offsets (e.g. A3 offset), cell individual offset (CIO) and time-to-trigger (TTT). Of these parameters, A3 offset and TTT are neighbour cell agnostic and CIO can be configured specifically towards each neighbour. 
[bookmark: _Toc505681503]In LTE, A3 offset, Cell individual offset (CIO), hysteresis and Time-to-trigger (TTT) are used to tune the handover border using a SON algorithm like MRO.
[bookmark: _Toc505681504]In LTE, A3 offset, hysteresis and TTT are configured independent of the neighbour cell and only CIO can be configured specifically towards a neighbour cell.
In LTE, an RRC_CONNECTED mode UE could scale its mobility parameter TTT depending on the speed state as estimated by the UE and details of this scaling are mentioned in RRC specifications [2]. The scaling factors to be used in LTE are 0.25, 0.5, 0.75 and 1. The thought process behind having this feature in LTE was to be able to receive the measurement report from the UE early enough so that the handover command can be sent successfully to the UE.
[bookmark: _Toc505681505]In LTE, only TTT can be scaled depending on the mobility state as estimated by the UE.
5.5.6.2	Speed dependant scaling of measurement related parameters
The UE shall adjust the value of the following parameter configured by the E-UTRAN depending on the UE speed: timeToTrigger. The UE shall apply 3 different levels, which are selected as follows:
The UE shall:
1>	perform mobility state detection using the mobility state detection as specified in TS 36.304 [4] with the following modifications:
2>	counting handovers instead of cell reselections;
2>	applying the parameter applicable for RRC_CONNECTED as included in speedStatePars within VarMeasConfig;
1>	if high mobility state is detected:
2>	use the timeToTrigger value multiplied by sf-High within VarMeasConfig;
1>	else if medium mobility state is detected:
2>	use the timeToTrigger value multiplied by sf-Medium within VarMeasConfig;
1>	else:
2>	no scaling is applied;


However, in RRC_CONNECTED mode, the network is aware of the UE’s mobility states and it could configure the UE accordingly with event specific offsets (like A3 offset), TTT and CIO values in order to best optimize the overall handover border compared to scaling only TTT values by the UE itself [3]. The mobility state estimation could be done already at connection establishment based on the UE mobility history information as introduced in Rel-12 in LTE or based on Doppler, position information, etc. Since release 12 of LTE, the UE could be asked to report its mobility history information using mobilityHistoryReportReq IE. 

1>	if mobilityHistoryReportReq is set to true:
2>	include the mobilityHistoryReport and set it to include entries from VarMobilityHistoryReport;
2>	include in the mobilityHistoryReport an entry for the current cell, possibly after removing the oldest entry if required, and set its fields as follows:
3>	set visitedCellId to the global cell identity of the current cell:
3>	set field timeSpent to the time spent in the current cell;

When the LTE network uses this detailed information to group the UEs based on their mobility state, and configures the UE with relevant measurement reporting configuration (event thresholds, hysteresis, etc.), it was found to be more useful than just the scaling of one parameter for the RRC_CONNECTED UEs.

[bookmark: _Toc505681506]In LTE, network is aware of the UE mobility state (either via considering the UE handover history or by measuring the Doppler or position information etc.) for a RRC_CONNECTED mode UE.
[bookmark: _Toc505681507]In LTE, network configuration of event specific offsets, hysteresis, TTT, CIO values depending on the UE’s estimated speed gives better control of handover border tuning.
[bookmark: _Toc505681513]In NR, as in LTE, support mobility history information reporting.

Scaling of measurement related parameters in NR
In NR, it has already been agreed that events A1-A6 are supported for both SS block based measurements and CSI-RS based measurements. It has been agreed that event specific offsets, cell individual offsets, Time-to-trigger and (in addition to LTE) the values of ‘N’ and ‘threshold’ to be used for cell quality derivation are configured as part of either measObjectNR or in reportConfig.
Based on the learnings from LTE, it was found to be useful to adjust not only the TTT but also event specific offsets, hysteresis, cell individual offsets based on the UE speed groups as categorized by the network. These parameters (event specific offsets, CIO, hysteresis, TTT) can be configured by the network differently to different UEs based on the speed based grouping as decided by the network. Having an additional scaling of just TTT values do not add much in the connected mode, as additional parameters have a larger say in successful handover probabilities. Therefore, it is proposed to not have TTT scaling based on the UE’s mobility state in NR.
[bookmark: _Toc505681514]In NR, speed state based scaling of Time-to-trigger (TTT) is not supported
In LTE, it was observed that the handover borders are not smooth, i.e. there can be regions in the handover borders where the SINR degradation is more gradual and in some other regions SINR degradation can be more severe due the propagation difference in different regions. This observation is relevant for UEs having the same mobility state (either medium mobility state or high mobility state or slow mobility state). This behaviour is expected to be relevant for NR as well, if not more severe due to the beamforming nature of NR.
In order to resolve this, a scaling of HO related parameters needs to be provided which is dependent of the UE’s perceived SINR at the cell border. It is to be noted that when the UE is moving fast, the SINR change will be faster at the cell border, thus automatically scaling the relevant HO parameters accordingly. To support SINR based scaling, SINR based states could be defined, e.g. good SINR, medium SINR, or bad SINR. The state could be based not just on the instantaneous SINR but also the rate of change of SINR etc. 
[bookmark: _Toc505681508]Handover borders between two cells are not smooth, meaning there can be regions in the handover borders where the SINR degradation is more gradual and in some other regions SINR degradation can be more severe due the propagation difference in different regions.
[bookmark: _Toc505681515]In NR, introduce SINR based scaling of the handover parameters.
In LTE, the speed based scaling was supported. There was, however, no possibility to have the scaling of handover parameters per events. This could be useful as the purposes of different events are different and the scaling of parameters could be useful only in some events. For example, the event A1 could be used to trigger carrier aggregation whereas event A3 could be used for intra-frequency handover. Having the scaling of handover parameters could be beneficial only for intra-frequency handover situations but not for carrier aggregation set-up. Therefore, in NR, the handover parameter scaling should be configurable for each event. In order to do so, for each event configured in the reportConfig, there could be an additional flag to indicate if the parameter scaling is applicable or not.
[bookmark: _Toc505681516]In NR, whether the scaling of the handover parameters is applicable or not is configured in the reportConfig.

Conclusion
[bookmark: _Hlk508788728]In section 2 we made the following observations:
Observation 1	In LTE, A3 offset, Cell individual offset (CIO), hysteresis and Time-to-trigger (TTT) are used to tune the handover border using a SON algorithm like MRO.
Observation 2	In LTE, A3 offset, hysteresis and TTT are configured independent of the neighbour cell and only CIO can be configured specifically towards a neighbour cell.
Observation 3	In LTE, only TTT can be scaled depending on the mobility state as estimated by the UE.
Observation 4	In LTE, network is aware of the UE mobility state (either via considering the UE handover history or by measuring the Doppler or position information etc.) for a RRC_CONNECTED mode UE.
Observation 5	In LTE, network configuration of event specific offsets, hysteresis, TTT, CIO values depending on the UE’s estimated speed gives better control of handover border tuning.
Observation 6	Handover borders between two cells are not smooth, meaning there can be regions in the handover borders where the SINR degradation is more gradual and in some other regions SINR degradation can be more severe due the propagation difference in different regions.

Based on the discussion in section 2 we propose the following:
Proposal 1	In NR, as in LTE, support mobility history information reporting.
Proposal 2	In NR, speed state based scaling of Time-to-trigger (TTT) is not supported
Proposal 3	In NR, introduce SINR based scaling of the handover parameters.
Proposal 4	In NR, whether the scaling of the handover parameters is applicable or not is configured in the reportConfig.
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