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1. Introduction
In 3GPP RAN2 #85 meeting, RAN2 decided that UE stores the history of cells selected/reselected and reports it to eNB after the UE enters the connected mode. This document discusses the exchange of the UE history information among eNBs.
2. Discussion
In current specs, the UE History IE in the HANDOVER REQUESET message contains the information of the cells only where UE stayed in connected mode. If UE has passed through few cells before handed in after getting into the connected mode, the eNB is difficult to estimate the UE speed precise due to the lack of samples to calculate the average speed. The UE speed is necessary for UE categorization, which has been discussed in release 11 and release 12. Therefore it is proposed that RAN3 supports transmitting the history of cells UE selected/reselected before the connected mode when UE is handed over.
Proposal 1: RAN3 is kindly asked to support transmitting the history of cells that UE selected/reselected before its connected mode when UE is handed over.
The current agreement in RAN2 is that UE reports the history of cells selected/reselected and the history does not distinguish the cells selected in idle mode from the cells selected in connected mode. On this baseline, several options to transmit the cell information, before UE getting into the connected mode, when UE is handed over are provided.
Figure 1 shows mode transitions of a moving UE.
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Figure 1: Mode transition of a moving UE, between the connected mode and the idle mode

Option 1: The UE History includes the information of cells that UE visited in connected or idle mode. It does not contain the UE mode information, connected mode or idle mode, in each cell.
Table 1 shows the UE History example based on option 1 for the UE of Figure 1.
	Index
	Global Cell ID
	Cell size
	Time UE stayed in Cell
	HO Cause Value

	1
	cell1
	medium
	8
	-

	2
	cell2
	medium
	5
	-

	3
	cell3
	medium
	1
	-

	4
	cell4
	medium
	12
	-

	5
	cell5
	medium
	3
	-


Table 1: UE History based on option 1 for the UE of Fig. 1
However, Option 1 has problems because eNB receiving the UE History will believe that UE has been in the connected mode in all cell of the history. Hence, if the time that UE stayed in a cell in which UE was in idle mode is very short, the eNB misunderstands that there was a short stay or a ping-pong. Therefore, Option 1 is not a good implementation, so it is proposed that the UE History distinguish the cells selected before making the latest connection from the cells selected before making the latest connection.
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Figure 2: Example of misunderstanding a short stay and a ping-pong
Proposal 2: The UE History should distinguish the cells selected before making the latest connection from the cells selected before making the latest connection.
Option 2: The UE History includes the information of cells that UE visited in connected or idle mode. The eNB serving the cell in which UE made the latest connection saves its cell information twice with the ‘Time UE stayed in Cell’ for each in the UE History, one is for the idle state of UE and the other is for the connected state of UE.

Table 2 shows the UE History example based on Option 2 for the UE of Figure 1.
	Index
	Global Cell ID
	Cell size
	Time UE stayed in Cell
	HO Cause Value

	1
	cell1
	medium
	8
	-

	2
	cell2
	medium
	5
	-

	3
	cell3
	medium
	1
	-

	4
	cell4
	medium
	7
	-

	5
	cell4
	medium
	5
	-

	6
	cell5
	medium
	3
	-


Table 2: UE History based on option 2 for the UE of Fig. 1
Option 3: The UE History includes the information of cells that UE visited in connected or idle mode. The eNB serving the cell in which UE made the latest connection leaves the index prior to its cell as blank.

Table 3 shows the UE History example based on option 3 for the UE of Figure 1.
	Index
	Global Cell ID
	Cell size
	Time UE stayed in Cell
	HO Cause Value

	1
	cell1
	medium
	8
	-

	2
	cell2
	medium
	5
	-

	3
	cell3
	medium
	1
	-

	4
	null
	null
	null
	null

	5
	cell4
	medium
	12
	-

	6
	cell5
	medium
	3
	-


Table 3: UE History based on option 3 for the UE of Fig. 1
Option 4: The UE History includes the information of cells that UE visited in connected or idle mode. The eNB serving the cell in which UE made the latest connection indicates a specific sign in the ‘HO Cause Value’ of the cells prior to its cell. The sign means that, in the cells with the sign in the ‘HO Cause Value’, UE was the idle mode.
Table 4 shows the UE History example based on option 4 for the UE of Figure 1.
	Index
	Global Cell ID
	Cell size
	Time UE stayed in Cell
	HO Cause Value

	1
	cell1
	medium
	8
	0000

	2
	cell2
	medium
	5
	0000

	3
	cell3
	medium
	1
	0000

	4
	cell4
	medium
	12
	-

	5
	cell5
	medium
	3
	-


Table 4: UE History based on option 4 for the UE of Fig. 1
Option 5: The UE History includes the information of cells that UE visited in connected or idle mode. It contains the UE mode information, connected mode or idle mode, in each cell. The cells before the cell in which UE made the latest connection are marked as the idle mode.
Table 5 shows the UE History example based on option 5 for the UE of Figure 1.
	Index
	Global Cell ID
	Cell size
	Time UE stayed in Cell
	HO Cause Value
	Mode

	1
	cell1
	medium
	8
	-
	idle

	2
	cell2
	medium
	5
	-
	idle

	3
	cell3
	medium
	1
	-
	idle

	4
	cell4
	medium
	12
	-
	connected

	5
	cell5
	medium
	3
	-
	connected


Table 5: UE History based on option 5 for the UE of Fig. 1
Proposal 3: To implement the UE History containing the information of the cells UE selected/reselected before its connected mode, it is proposed to consider Option 2, 3, 4, and 5.
3. Conclusion
We discussed the methods to exchange the UE History containing the cell information in UE idle mode among eNBs.
Proposal 1: RAN3 is kindly asked to support transmitting the history of cells that UE selected/reselected before its connected mode when UE is handed over.
Proposal 2: The UE History should distinguish the cells selected before making the latest connection from the cells selected before making the latest connection.
Proposal 3: To implement the UE History containing the information of the cells UE selected/reselected before its connected mode, it is proposed to consider Option 2, 3, 4, and 5.
