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1      Introduction
It has been agreed that the UE will report the mobility information upon IDLE to CONNECTED to the network. Further agreements during last RAN2 meeting (RAN2#84) are as following: 
	Agreements
1
UE sends up to 16 cells in the cell history information

FFS whether the UE needs to remember and report any cells visited more than 240s before sending the report.

2
Use global cell ID for all cells

3
As baseline, the ToS has 1s granularity with maximum value of 255s

4
The UE does not omit cells such as ping-pong cell or too short time of stay cell




One of the FFS is whether the UE needs to remember and report any cells visited more than 240s before sending the report. In this contribution, we further investigate and compare the impact between the UE reports all the cells and report any cells only up to 240s. 

Furthermore, it has been agreed that the UE does not omit cells such as ping-pong cell or too short time of stay cell. However, some significant performance degradation is found when the shorter TTT is configured. Therefore, we further study and analysis the performance when shorter TTT is used (i.e. more ping-pong/short time of stay cells in the UE cell list).
In this contribution, calibrated Hetnet model is used. The macro cell radius is assumed to be 250m and pico cell radius is assumed to be 100m. We use 10 pico per macro deployment and capture the UE cell history information (i.e. cell type and time of stay of each cell). Then it will use as an input to model from [1] to evaluate the performance. The simulation runs for 20 million sub-frames.
2      Discussion

Should UE reports any cells visited more than 240s?
One of the FFS is whether the UE needs to remember and report any cells visited more than 240s before sending the report. We study the impact between the UE reports all the cells and report any cells only up to 240s. Figure 1 (left) shows the accuracy degradation when the UE only report cells within 240s. Figure 1 (right) shows the average number of cells reported for different UE speeds. Only 3km/h case has less than 16 reported cells within 240s and the performance has degraded 30%. About 10.5 cells on average are reported for low mobility UE. 
[image: image1.jpg]MSE accuracy (%)

100

@
=3

@
=3

S
=3

IN)
=3

Il 3km/Mh
30kmh

Il s0kmMh

Report all 16 cells

Report cells within 240s




[image: image2.jpg]Average number of cells

)

S

N

=)

@

El3kmh
30km/h
Il s0kmMh

Report all 16 cells

Report cells within 240s




Figure 1: Report all cells vs report cells only within 240s comparison
Observation 1: Reporting cells only within 240s only affects low mobility UE.
Observation 2: Reporting cells only within 240s degrades the MSE estimation performance by 30%.
Observation 3: The average number of cells reported is 10.5 for low mobility UE reporting cells only within 240s.
Proposal 1: RAN2 to allow the UE to report up to 16 cells outside of 240s window.
Further investigation in shorter TTT scenario
In the previous study, larger TTT is used to avoid high ping-pong rate. In this section, we further study the performance when the UE is configured to use a shorter TTT. The following scenarios are simulated and corresponding results are shown in Figure 2:
· 480ms: The network has configured TTT = 480ms for all UE speeds. The UE sends all 16 cells to the network and no cells are omitted. This represents low ping-pong/ short time of stay scenario.

· 160ms: The network has configured TTT = 160ms for all UE speeds. The UE sends all 16 cells to the network and no cells are omitted. This represents high ping-pong/ short time of stay scenario.

· UE RM: The network has configured TTT = 160ms for all UE speeds. UE removes the cells that have time of stay of less than 1s. The UE sends 16 cells to the network. 
· NW CB: The network has configured TTT = 160ms for all UE speeds. The UE sends all 16 cells to the network. But the NW removes short time of stay (SToS) cells and combines the consecutive cells with the same cell ID due to removal of cells.
· UE RM+CB: The network has configured TTT = 160ms for all UE speeds. The UE first remove SToS cells. Then it combines the time of stay for the consecutive cells with the same cell ID due to removal of cells. The UE sends 16 cells to the network.
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Figure 2: MSE accuracy comparison under short TTT scenarios
Figure 2 shows significant performance degradation when a shorter TTT is configured. The reason is that there are more ping-pong/SToS cells in the UE cells list; therefore, the NW does not have enough cells to estimate the UE speeds. UE RM improves the results slightly when the UE removes the SToS cells. NW CB shows the accuracy improves slightly in 30km/h but degrades 60km/h UE when the NW tries to remove and combine the time of stay of the SToS cells. Finally, UE RM+CB shows the performance can be comparable with long TTT case (short time of stay cells are less likely to happen) when the UE removes and combines the SToS cells and still reports up to 16 cells.
Observation 4: MSE accuracy performance degrades significantly when shorter TTT is configured.
Observation 5: NW CB does not improve the accuracy due to lack of cells.
Observation 6: UE removes and combines time of stays of the SToS cells achieve comparable performance to the case where long TTT is configured.
Proposal 2: RAN2 to consider the approach where UE removes and combines the short time of stay cells.
3      Conclusion
In this contribution, we further investigate and compare the impact between the UE reports all the cells and report any cells only up to 240s. The simulation results show that the performance will be degraded if the UE only report cell within 240s. Therefore, we propose the UE report all the cells.

Furthermore, MSE performance significantly degraded when a shorter TTT is configured. We simulated different possibility including network combines time of stay of the SToS cells. The simulation results show that if the UE removes and combines the time of stay of SToS cells, the performance can be achieved comparable to the less ping-pong scenario (i.e. long TTT is configured). We propose RAN2 to consider the UE combine time of stay of SToS cells to allow the UE sends more unique cells to the network.
Observation 1: Reporting cells only within 240s only affects low mobility UE

Observation 2: Reporting cells only within 240s degrades the MSE estimation performance by 30%

Observation 3: The average number of cells reported is 10.5 for low mobility UE reporting cells only within 240s

Observation 4: MSE accuracy performance degrades significantly when shorter TTT is configured.

Observation 5: NW CB does not improve the accuracy due to lack of cells.

Observation 6: UE removes and combines time of stays of the SToS cells achieve comparable performance to the case where long TTT is configured.

Proposal 1: RAN2 to allow the UE to report up to 16 cells outside of 240s window.

Proposal 2: RAN2 to consider the approach where UE removes and combines the short time of stay cells.
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