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Introduction
[bookmark: _Ref178064866]In the Work Item Description on SON/MDT support for NR [1], approved in 3GPP RAN#84, specification of UE history information is listed as one of the objectives. LTE mobility history information should be taken as baseline.
· Specification of mobility history information stored by UE for RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED UEs, taking LTE mobility history information as a baseline (see TR 38.840) [RAN2, RAN3 may be needed depending on RAN2 progress]


In this contribution, we discuss the baseline of the mobility history information, possible improvements, as well as some multi-RAT dual connectivity aspects, and give proposals on way forward.
Mobility History Information Baseline
[bookmark: _Hlk20913402]A UE triggered to collect mobility history information in LTE will, upon change of cells (intra- or inter-RAT, in RRC_CONNECTED or RRC_IDLE), log the global cell identity or physical cell identity and carrier frequency of the previous cell, as well as the time spent in the cell, see [2]. If a UE triggered to collect mobility history information will fall out or service or use another RAT, it will upon entering E-UTRA again, log the time spent outside E-UTRA. This information is the information sent to the eNB requesting mobility history information from the UE.
Mobility History Information Improvements
Also in NR, the corresponding information as described for LTE above would be of use. By including the global cell identity or physical cell identity and carrier frequency of the previous cell, as well as the time spent in the cell, in the mobility history information, the gNB will be able to estimate the mobility pattern. The information retrieved is a useful input to automated configurations and network resource management. A stage 2 text proposal is given in Appendix A of this paper.
[bookmark: _Toc16778577][bookmark: _Toc20913548][bookmark: _Toc20917364][bookmark: _Toc20992743][bookmark: _Toc20993129][bookmark: _Toc21004956][bookmark: _Toc21010811][bookmark: _Toc21010826][bookmark: _Toc21012371]Add mobility history information to NR, using LTE functionality as baseline.
[bookmark: _Toc20913549][bookmark: _Toc20917365][bookmark: _Toc20992744][bookmark: _Toc20993130][bookmark: _Toc21004957][bookmark: _Toc21010812][bookmark: _Toc21010827][bookmark: _Toc21012372]RAN 2 to agree on stage 2 text proposal in Appendix A for introducing mobility history information in NR. 
Upon specifying the mobility history information, possible improvements should also be considered. One way to improve the mobility history information would be to include information aiding the network to understand UE movements and mobility patterns in a better way. For this, sensor information could be used, for example IMU sensor information. Other information, such as UE position could also be of interest to include in the mobility history information.
[bookmark: _Toc12885401][bookmark: _Toc16690950][bookmark: _Toc16754780][bookmark: _Toc16754821][bookmark: _Toc16778578][bookmark: _Toc20913550][bookmark: _Toc20917366][bookmark: _Toc20992745][bookmark: _Toc20993131][bookmark: _Toc21004958][bookmark: _Toc21010813][bookmark: _Toc21010828][bookmark: _Toc21012373]RAN2 should further investigate the possibilities for and gains from including sensor information and location information in the mobility history information.
Dual connectivity aspects
In case of multi-RAT dual connectivity, the SN is not aware of the coverage in the MN RAT. Hence, the SN will need to know the PSCell changes in order to be able to estimate the UE mobility state. 
[bookmark: _Toc21009881][bookmark: _Toc21009896][bookmark: _Toc21010808][bookmark: _Toc21010823][bookmark: _Toc21012368]The SN needs to know the PSCell changes in order to estimate the UE mobility state.
The information on cell changes in the SN RAT could also be of use for the MN in order to optimize the SN choice. One example could be where a high mobility UE is moving between small high frequency PScells. Based on information on the PSCell changes and the estimated UE mobility state, the MN can realize that the SN choice is not the best, and change to an SN with lower frequency cells. Information on PSCell changes can also help the MN to understand the coverage of the SN and based on this enable faster DC setup after resume. 
[bookmark: _Toc21009882][bookmark: _Toc21009897][bookmark: _Ref21010025][bookmark: _Toc21010809][bookmark: _Toc21010824][bookmark: _Toc21012369]It is beneficial for the MN to know the PSCell changes in addition to the PCell changes.
Based on Observation 2, we propose that both  PSCell and PCell information is reported to the MN.
[bookmark: _Toc21009884][bookmark: _Toc21009898][bookmark: _Toc20992747][bookmark: _Toc20993133][bookmark: _Toc21004960][bookmark: _Toc21010814][bookmark: _Toc21010829][bookmark: _Toc21012374][bookmark: _Toc20917368]In case of MR-DC, the UE collects mobility history information on PSCell changes along with PCell changes and reports to the MN. 
[bookmark: _Toc21010815]For simplicity, we propose that the same information is reported to the SN. One option that has been discussed is that the mobility history information is forwarded from the MN to the SN, but since this requires that the MN requests the UE history information from the UE, the SN might not get the information when desired. Therefore, we think that the information should be reported directly to the SN.
[bookmark: _Toc21010810][bookmark: _Toc21010825][bookmark: _Toc21012370]If the mobility history information were to be forwarded from the MN to the SN, the SN could not retrieve the information unless the MN has requested the information from the UE.
[bookmark: _Toc21010816][bookmark: _Toc21010830][bookmark: _Toc21012375]In case of MR-DC, the UE reports the  mobility history information including PSCell and PCell changes directly to the SN. 
Conclusion
In this contribution, we have made the following observations:
Observation 1	The SN needs to know the PSCell changes in order to estimate the UE mobility state.
Observation 2	It is beneficial for the MN to know the PSCell changes in addition to the PCell changes.
Observation 3	If the mobility history information were to be forwarded from the MN to the SN, the SN could not retrieve the information unless the MN has requested the information from the UE.

We propose the following:
Proposal 1	Add mobility history information to NR, using LTE functionality as baseline.
Proposal 2	RAN 2 to agree on stage 2 text proposal in Appendix A for introducing mobility history information in NR.
Proposal 3	RAN2 should further investigate the possibilities for and gains from including sensor information in the mobility history information.
Proposal 4	In case of MR-DC, the UE collects mobility history information on PSCell changes and reports to the MN. The PSCell information is included in the PCell information.
Proposal 5	In case of MR-DC, the UE collects mobility history information on PSCell changes and reports to the SN. The PSCell information is included in the PCell information.
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Appendix A. TP to 38.300 
[bookmark: _Toc12642848][bookmark: _Toc12642866]


x Radio Resource Management aspects
x.y Mobility History Information
A UE moving around should upon cell change, or entering out-of-service, log the identity of the previously serving cell and the time spent in the cell, in the Mobility History Information. A UE coming back after using another RAT than NR, or being out of service, should log the time spent outside NR in the UE history information.
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