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1. Introduction
In RAN #88-e meeting, the new WID [1] on enhancement of data collection for SON/MDT in NR and EN-DC was agreed. The objective of WID includes the enhancement of MDT as following:

	· Support of data collection for SON features, including CCO, inter-system inter-RAT energy saving, inter-system load balancing, 2-step RACH optimization, mobility enhancement optimization, and leftovers of Rel-16 SON/MDT WI (PCI selection, energy efficiency (OAM requirements), Successful Handovers Reports, UE history information in EN-DC, load balancing enhancement, MRO for SN change failure, RACH Optimisation enhancements) [RAN3, RAN2] 

· Specification of the UE reporting necessary to enhance the network configuration [RAN2]. 

· Specification of the inter-node information exchange, including possible enhancements to S1/NG, X2/Xn, and F1/E1 interfaces [RAN3]


In this contribution, we will discuss the mobility history information related to the part of RAN3.
2. Discussion
For connected UE, the network can use the mobility history information (including the one reported by the UE and the one recorded by the network) to evaluate the UE mobility state and then optimize the measurement parameters and the decision of target cell based on the mobility state, e.g. set proper timeToTrigger timer, or the network can make the high-speed UE stay on a macro cell layer rather than attempting to handover to a small cell layer, or identify/prevent the ping-pong handover. It will reduce the signalling overhead for mobility and reduce the mobility failure. In R15, RAN3 has specified the mobility history information recorded by gNB. In R16, RAN2 has specified the mobility history information recorded by UE. Both the mobility history information recorded by gNB and UE will be propagated from the source gNB to the target gNB.
Observation 1: Mobility history information greatly benefits for mobility management.

In MR-DC, the MN and SN configure the measurement configuration separately. Moreover, the MN manages the serving cells in the MN and the SN manages the serving cells in the SN, including the SpCell change.

Observation 2: In MR-DC, MN and SN separately performs the mobility management, e.g., measurement configuration and SpCell change decision. 

In our understanding, the SN also needs to optimize the measurement configuration (e.g. timeToTrigger), the decision of target PSCell and preventing the ping-pong of SN change based on the mobility history information. Therefore, we propose:

Proposal 1: The SN should obtain the mobility history information to better perform the mobility management.

Generally the coverage sizes of the PCell and PSCell are different and the SN coverage size is smaller (as shown in Figure 1), especially, e.g. in EN-DC scenario. [image: image1.png]| o«g




Figure 1.  The mobility history information of PCell is different from the one of PSCell
In the Figure1, the mobility history information of PCell is obviously different from the one of PSCell. Therefore the SN cannot estimate the UE mobility (e.g. the speed) based on the mobility history information of PCell. Also, the SN cannot identify the ping-pong occurrence of SN change based on the mobility history information of PCell. Based on the above discussion, we think that the SN should perform the mobility management based on the mobility history information of PSCell.
Observation 3: The mobility history information of PCell is different from the one of PSCell. The SN cannot estimate the UE mobility and identify the ping-pong of SN change based on the mobility history information of PCell. 

One question is which one of the MN and SN records the mobility history information of PSCell. The straightforward method is the SN records. If it is the MN to record, the MN need to receive the change information of intra-SN PSCell from the SN. It will increase the inter-node message. Therefore, we propose that the SN records the mobility history information of PSCell. Same to the propagation of mobility history between the source RAN and the target RAN, the source SN sends the mobility history information to the target SN through MN.
Proposal 2: The source SN records the mobility history information of PSCell and propagate this information to the target SN through MN.
Similar to the mobility history information of PCell, the change information of PSCell can include the cell id of previous PSCell and time spent in the previous PSCell. As we known, the network may release the SN but the UE still is in RRC_Connected. In this case, there is no PSCell. In our understanding, the network also need to keep the previous mobility history information of PSCell because the new SN can use the previous information to estimate the mobility state and optimize the handover. Therefore the network need add one SN release indication to the history information, so that the new SN can know the correct previous information of PSCell. According to the procedure of the MR-DC, the previous SN does not know whether the current SN Release request message is to release SN or to change the SN. Therefore it should be the MN to generate a record to indicate the SN release. The record only include the time spent without SN like the time spent out of service in the history information from UE. 
Proposal 3: The mobility history information of PSCell includes the cell id of pervious PSCell and time spent in the previous PSCell.
Proposal 4: When the SN is released, the MN generates a record which only includes the time spent without SN in the mobility history information of PSCell.
Although the objectives of WID only include the UE history information in EN-DC, we think the above observations and proposals are suitable to all the MR-DC.

Proposal 5: The above proposals are applied to all MR-DC.
According to current specification, there is no direct signalling interaction between source SN and target SN. The target SN always gets the history information of PSCell through MN. There are two steps:

· Step 1: MN gets the history information of PSCell from the source SN.

· Setp 2: MN sends the history information of PSCell to the target SN.

In Step 1, the following messages need to be modified to carry the history information of PSCell:

· S-NODE CHANGE REQUIRED   (for the case of SN initiated SN change)

· S-NODE MODIFICATION REQUEST ACKNOWLEDGE  (for the case of MN initiated SN change)

· S-NODE RELEASE REQUIRED (for the case of SN initiated SN release)

· S-NODE RELEASE REQUEST ACKNOWLEDGE (for the case of MN initiated SN release)

· HANDOVER REQUEST (for the case of Xn/X2 handover)

· HANDOVER REQUIRED (for the case of NG/S1 handover)

In Step 2, the following message needs to be modified to carry the history information of PScell:

· S-NODE ADDITION REQUEST  (for the cases of SN addition and SN change)

We also provide one example for the mobility history information of PSCell in the Annex.
3. Conclusion
Based on the discussion in this paper, we have the following observations and proposals:
Observation 1: Mobility history information greatly benefits for mobility management.

Observation 2: In MR-DC, MN and SN separately performs the mobility management, e.g., measurement configuration and SpCell change decision. 

Proposal 1: The SN should obtain the mobility history information to better perform the mobility management.

Observation 3: The mobility history information of PCell is different from the one of PSCell. The SN cannot estimate the UE mobility and identify the ping-pong of SN change based on the mobility history information of PCell. 

Proposal 2: The source SN records the mobility history information of PSCell and propagate this information to the target SN through MN.
Proposal 3: The mobility history information of PSCell includes the cell id of pervious PSCell and time spent in the previous PSCell.
Proposal 4: When the SN is released, the MN generates a record which only includes the time spent without SN in the mobility history information of PSCell.
Proposal 5: The above proposals are applied to all MR-DC.
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5. Annex
x.x.x.x
Last Visited NG-RAN PSCell Information
This IE contains information about a cell. The information is to be used for RRM purposes.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Global Cell ID
	O
	
	NG-RAN CGI

9.3.1.73
	

	Cell Type
	O
	
	9.3.1.98
	

	Time UE Stayed in Cell
	M
	
	INTEGER (0..4095)
	The duration of time the UE stayed in the cell, or set of NR cells with the same NR ARFCN for reference point A, in seconds. If the duration is more than 4095s, this IE is set to 4095.

	Time UE Stayed in Cell Enhanced Granularity
	O
	
	INTEGER (0..40950)
	The duration of time the UE stayed in the cell, or set of NR cells with the same NR ARFCN for reference point A, in 1/10 seconds. If the duration is more than 4095s, this IE is set to 40950.
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