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Introduction
In TR37.816, some enhancements have been agreed for mobility optimization in NR. Since new features, e.g., BWP, beam, etc, are introduced in NR, for UE history information, we could consider not only include Pcell information but also beam associated information and Pscell related information.
In this contribution, we discuss some details of enhancement of UE history information in NR.
Discussion
0. Introduce of UE history information in NR
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In LTE, UE history information is sent by the source eNB to the target eNB over the S1 and X2 interfaces by means of the Handover Preparation procedures, which is used for handover decision. In NR, UE history information is also transferred in the Handover Preparation procedures.
Observation 1: NR UE history information is already captured in the Handover Preparation procedure.
0. Enhancement of beam information in UE history information
Commonly, In NR contention-free Random Access Resources are used for achieving higher handover success rate and lower handover delay. The reasons list below:
1)  Collision may happen in contention-based  Random Access procedure.
2) In SSBs selection, UE may have more chance to selected appropriate SSB in contention-free Random Access procedure.
In contention-based Random Access procedure the SSBs selected with SS-RSRP above rsrp-ThresholdSSB in RACH-ConfigCommon may not be the appropriate SSBs. On the contrary, in contention-free Random Access procedure SSBs selection can be limited within RACH-ConfigDedicated which assigned by network. With the help of network, UE may have more chance to selected appropriate SSB. 
When failure happen in Random Access procedure, if the counter of preamble transmitted doesn’t reach the preambleTransMax configed by RRC, UE will continue Random Access procedure by selecting another SSBs and preamble. It will increase handover delay, and handover failure may happen because of Rayleigh fading channel. So the performance of contention-free Random Access is better than contention-based in handover procedure.
Dedicated preamble should be assigned for each SSB in RACH-ConfigDedicated of handover command. The SSBs are selected according to MeasurementReport from UE without historical record as reference. MeasurementReport may include many SSBs. If all of the SSBs in MeasurementReport are selected, it means more contention-free Random Access Resources are needed. When many UEs simultaneously access to the same cell by handover procedures, there will be lack of contention-free Random Access Resources to assign to all UEs. So contention-based Random Access Resources have to be used, which may reduce the handover success rate. Moreover, too many SSBs in RACH-ConfigDedicated of handover command are not recommended.  Because according to clause 5.1.2 of TS 38.321 UE selects SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs of RACH-ConfigDedicated, it will be harder to select the appropriate ones amongst too many associated SSBs. When MeasurementReport includes many SSBs, appropriate SSBs would be selected by network for RACH-ConfigDedicated.
Therefore, it is reasonable to introduce beam level information into UE history information for SSBs selection during handover. With historical handover information about SSBs as reference, it will increase the possibility for selecting appropriate SSBs.
Proposal 1: It is proposed to add beam level information per cell in UE history information.
Two options for recording beam level information in each visited cell in UE history information could be considered:
Table 1 beam recording
	
	Description
	Advantage
	Disadvantage

	Option 1
	Only record the first used beam after successful handover to the cell
	Less memory and load for processor

	The first beam may not be the appropriate beam. According to clause 5.1.2 of TS 38.321, the sequence of SSB selection and power ramping during Random Access procedure depends on UE implementation. It is possible for random access succeed after many times of power ramping in this SSB.

	Option 2
	Beam list including the beams used in this cell. Each item of the list includes the SSB index and total time UE stayed in this beam.
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]All used beams could be recorded.
	1. More memory and load for processor.
2. Beam list may not be helpful for Random Access procedure.


Take the responsibility for keeping UE history information about beam, RRC need to be informed about beam UE stayed. For option 1, RRC will be informed after each Random Access procedure. New IE about beam index would be added to UL RRC MESSAGE TRANSFER message in F1 interface. For option 2, MAC will keep the beam list and stay time and offer them to RRC when required by RRC. New message in F1 interface would be add to support this requirement. So option 2 is more complex, and need more memory and load for processor than option 1. 
In option 2 beam list may not be useful for the Random Access procedure. The first beam is useful because UE succeed in Random Access procedure in this SSB. With the movement of UE, other SSBs may be used and recorded. Even the stay time for these SSBs are longer than the first SSB, these SSBs may not be selected for Random Access in handover. 
Considering all these comparison, option 1 is recommended.
Proposal 2: It is proposed to record the first used beam after successful handover to the cell.
0. Add information about SN in UE history information
There are two scenarios which can be enhanced by adding PSCELL index in UE history information:
1) scenario one: SN Addition/Modification process 
SN Addition/Modification process may fail for improper PSCELL selection. Because algorithm for PSCELL selection and wireless environment unchanged in this location, the same PSCELL may be selected in subsequent SN Addition/Modification process, which will lead to large failure. To handle this problem, PSCELL could be included in UE history information for PSCELL selection in MN or in SN.
2) scenario two: ping-pong in SN Addition/Modification process
In LTE, ping-pong occurrence may be based on evaluation of the UE History Information IE. In NR, ping-pong may occur during SN Addition/Modification/Release process. 
There is an example for PSCell ping-pong case: The first selected PSCELL in Addition/Modification process is the same as the third one, and the stayed time in these PSCELL is short, i.e., ABA model.
MN can detect ping-pong of SN occurrence based on evaluation of the UE History Information IE, if PSCELL is added in UE history information.
Proposal 3: It is proposed to add PSCELL in UE history information. 
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60]According to the analysis in section 2, we have:
Observation 1: NR UE history information is already captured in the Handover Preparation procedure.
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]And we propose:
Proposal 1: It is proposed to add beam level information per cell in UE history information.
Proposal 2: It is proposed to record the first used beam after successful handover to the cell.
Proposal 3: It is proposed to add PSCELL in UE history information.
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